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Escape In Space 


The space-assembled super satellites of 
the future will periodically encounter dis- 
aster—collision, mechanical failure, mili- 
tary attack, or the long chance of being 
hit by a meteorite. When this happens, 
‘life boats’’ like the one shown here will 
bring their crews safely back to earth. 


Here is the operational sequence of an 
escape in space: 

1. Crew members don pressure suits and 
strap themselves into decelleration beds 
within the pressure-intact unit. 

2. At the “Abandon Ship” signal, low- 
power, RATO-typelaunching rockets blast 
the sealed capsule from the threatened 
station (upper right illustration). 


3. Acting on orders from an astrogational 
computer, the retro-rockets check the 
capsule’s speed and break it out of orbit. 
(Foreground. Note details of offset heat 
shielding, hatches, slow-down parachute 
covers.) 

4. As the capsule enters the outer atmos- 
phere, the heat shield protects the astro- 
nauts. The life boat's momentum slows 
even further, and the shield is jettisoned 
as it cools. 

5. Four parachutes are released, acting 
as air brakes. After a computed interval, 
other chutes are released. 

6. The capsule lands in a predetermined 


sea rescue area, and a ring of flotation 
bags inflate. Aradio broadcasts the craft's 
location, and a bright sunshade serves as 
a visual and radar target for rescuers. 


ARMA, now providing the inertial 
guidance system for the ATLAS ICBI 
and engaged in advanced research and 
development, is in the vanguard of the 
race to outer space. For this effort, 
ARMA needs scientists and engineers 
experienced in astronautics. MAMA, 
Garden City, New York. A Division of 
American Bosch Arma Corporation. 


AMERICAN BOSCH ARMA CORPORATION 
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RESEARCH, ENGINEERING AND PRODUCTION 


WC-222 INSTRUMENTATION 
transistorized AMPLIFIER 


Developed for nose cone instrumentation in 
the Titan and Minuteman missiles 


Wurlitzer-designed and produced, the characteristics 
of this silicon transistor Amplifier exceed the requirements 
as » of MIL-E-8189 and MIL-E-5272 specifications. Withstands 
WC-223 Vibration Analyzer 

and @terage Device.Provides extreme shock, vibration and temperature environments. 


in-flight analysis and storage 


Ser ot specific vibration tre- : ‘Input signal, 0 to 660 millivolts. Variable gain up to 20. 


This Instrumentation Amplifier is a typical example of 
Wurlitzer capabilities in designing and producing telemetering 
> to your specifications. 


en 


AND DEFENSE PRODUCTS DIVISION 


..Detector. Provides in - flight 


¢omputation of three vectors. THE WURLITZER COMPANY 
Will square, add, extract 
Square root and: 4 North Tonawanda, N. Y. 
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LETTERS to'the Editor 


Discus Body/Rocket Launching 
System 


g With considerable interest I read Martin 
Gerloff’s article on the discus body in your 
January issue. I believe that a very 
economical satellite launching system 
could be built using such a device for the 
first stage, and a rocket for the second 
stage. The rocket would be carried in a 
groove in the underside of the discus, so 
mounted that it could contribute thrust. 
Take-off would be horizontal, using the 
rocket for propulsion. When sufficient 
velocity for ram-jet operation is attained, 
the rocket would be shut down, and the 
system would continue on ram-jet power. 
When the system reaches the maximum 
velocity allowed by aerodynamic heat- 
ing, the rocket would be restarted, the 
propellant tanks of the rocket would be 
topped off from tanks in the discus, and 
the rocket would be released. It would 
accelerate to orbit while the discus re- 
turns to earth. 
Ed Miksch 
Graduate Student 
Harvard University 


Dr. Gerloff Replies 


a I quite agree with Mr. Miksch’s 
thoughts. The achievement of an ‘‘opera- 
tional’”’ booster system and a much better 
power efficiency appears to be the real 
challenge in future space mission design. 

The present state of development of 
ballistic space exploration does not seem 
to represent a sufficient solution for the 
safe re-entry of a man-carrying satellite or 
for an operational space system. Wing- 
shaped space vehicles will be required, 
and present-day multistage rockets do not 
have enough inherent stability to stand 
the destabilizing effect. 

I also prefer the horizontal take-off. 
Much could be gained in movability and 
reliability. Our development of missile- 
firing from silos can be compared to the 
creation of the Maginot line which history 
has proved not worth the effort. 

An operation against aerodynamic heat- 
ing may be avoided by a properly selected 
lift efficiency and g-path. Nobody would 
use a submarine for speeding but a glide 
boat. 

Besides boosting an orbital payload— 
since a ship on water is by far the cheapest 
means of transportation—it can be visual- 
ized that future traffic may well be 
handled with low loaded aerodynamic 
bodies (inflatable discus) planing on top 
of the air layers. In spite of velocities of 
M = 8 to 5, the passengers will enjoy the 
lighter-than-air luxury of the rigid air- 
ships of 1936. 


Summing Up 


(1) A recoverable booster could cover 
both of the following—present missile 


systems would be improved, and the first- 
stage booster would represent an efficient 
tactical bomber for SAC. 

(2) The propulsion unit for a missile 
must generate a thrust of about 1.3 to 
1.4 times the gross weight; a winged 
booster could operate with a thrust of 
0.4 to 0.5 times the gross weight performing 
the same acceleration. 

(3) The recoverable booster may cut 
the costs of space flight and make the 
space mission operational. 

(4) The horizontal take-off simplifies 
launching procedure and increases reli- 
ability and movability. There is no 
danger of expended boosters falling into 
inappropriate areas. 

Martin Gerloff, MIAS 
General Electric Co. 
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Remarks and Replies: 
“Optimum Rocket Trajectories” 


a A paper dealing with maximum altitude 
trajectories! appeared in the January issue 
of AERO/SPACE ENGINEERING. At first 
glance, the solution obtained by the 
authors of reference 1 appears to be simpler 
than solutions obtained by other investi- 
gators of similar problems. However, this 
impression proves to be illusory since there 
is a fundamental error in the analysis. 

Using the nomenclature of reference 1, 
we see that there are five dependent vari- 
ables Va, v1, ta, 6, and a. Also there are 
four side conditions connecting these vari- 
ables, two kinematic and two dynamic 
ones. Furthermore, the end values of 
time ¢ as well as of Va, y1, and @ are pre- 
scribed. It is desired to find that tra- 
yectory—i.e., the functions V(t), y(t), 
h(t), 0(t), and a(t)—which results in a 
maximum increase in height hg(t2) — 
hath). 

If the problem is treated as a classical 
Lagrange problem (cf. references 2 or 3), 
then one must find extremals for the maxi- 
mum of 


lo 


subject to four side conditions and the end 
conditions. Thus one seeks the extremum 
of a functional 


4 
J= E sny + | dt 


i=1 


(2) 


di = 0, & (3) 


stand for the side conditions. The 
vanishing of the first variation of J will 
then give rise to five Euler-Lagrange equa- 
tions involving four undetermined multi- 
pliers \;(¢), = 1, ...4. It should be 
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noted that the kinematic constraint on 
Na must be included since ha occurs in the 
integrand of Eq. (2) via the dependence 
of gand 6 on hg. 

Of course, one can eliminate a and 6 by 
means of side conditions—Eq. (3)—as 
was done in reference 1. In that case, 
there still remain two side conditions in- 
volving Va, yi, and he. Hence two 
Lagrange multipliers must be used to ad- 
join the side conditions to Vz sin y;. Now 
there arise only three Euler-Lagrange 
equations. However, these are completely 
equivalent to those obtained by extremiz- 
ing J of Eq. (2). 

The authors of reference 1 have failed to 
account for the constraint on ha; conse- 
quently, they arrive at only two Euler- 
Lagrange equations involving only one 
undetermined multiplier. The extremals 
arising from their formulation are not 
the extremals of the problem as stated. 


References 


1 Dommash, D. O., and Barron, R. L., Optimum 
Rocket Trajectories. Part I—Initial Value Vari- 
ational Solutions, Aero/Space Engineering, Jan., 
1960. 

2 Bolza, O., Vorlesungen iiber Variationsrech- 
nung, Koehler und Amelang, Leipzig, 1949. 

3 Bliss, G. A., Lectures on the Calculus of Vari- 
ations; University of Chicago Press, Chicago, 
1946. 

G. Leitmann 
Assoc. Prof., Engrg. Science 
Univ. of California, Berkeley 


Mr. Dommasch Replies 


@ The following is in reply to Leitmann’s 
letter about our paper in the January 
issue of AERO/SPACE ENGINEERING. We 
appreciate Leitmann’s desire to defend 
the discontinuous ‘“‘subarc’”’ solutions to 
optimum problems presented in his paper 
“On a Class of Variational Problems in 
Rocket Flight’? which appeared in the 
September, 1959, issue of the JOURNAL OF 
THE AERO/SPACE SCIENCES. It should be 
quite clear, however, that froma physical 
standpoint the Leitmann solutions are 
quite unreal, and that the error in Leit- 
mann’s reasoning arises from the assump- 
tion that a problem with but two physical 
degrees of freedom requires three Euler 
equations for its definition. Evidently, if 
there are but two degrees of freedom, the 
introduction of a third (which actually is 
defined in terms of the other two) does 
not have physical reality. Specifically, 
since 


he = Vasin 
once variations on V, and y are pre- 
scribed, it is clear that hag and hence hg 
are no longer free, and indeed are uniquely 
specified independent of any other con- 
sideration. 


The proper formulation of any Euler- 
Lagrange problem requires sufficient Euler 
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relations to define the real freedoms in the 
problem. It does not require the intro- 
duction of hypothetical freedoms as im- 
plied by Leitmann et al. Moreover, any 
attempt to introduce nonexistent re- 
straints produces a degraded solution (in 
the event that any solution remains). 

As stated in our paper, the nature of the 
restraints imposed must be fully compre- 
hended or serious errors can be introduced; 
moreover, it is axiomatic that excessive 
restraints restrict rather than generalize 
a solution. 

On the basis of the foregoing, Leit- 
mann’s stipulations are in error, and we 
again conclude that the equations of our 
paper are entirely correct and do define the 
desired class of optimums insofar as the 
Euler-Lagrange relations are concerned. 
We must add, however, that the Euler- 
Lagrange relations are necessary, but not 
sufficient, conditions, and therefore only 
through numerical investigation is it es- 
tablished that these relations do, in fact, 
produce real optimum solutions. 

Since these numerical studies have been 
carried out, we have obtained the required 
sufficiency condition, as well as unassail- 
able proof of the validity of our method- 
ology. We do not believe that sufficiency 
conditions exist to justify the Leitmann 
approach. 

Daniel O. Dommasch, AFIAS 
Pres., DODCO, Inc. 
Blawenburg, N.J. 


A Further Comment 


al wish to comment on the variational 
treatment of maximum altitude trajecto- 
ries published recently in A/SE by Dom- 
masch and Barron.! There is a mistake 
of a basic nature in this work, arising from 
improper application of the Euler- 
Lagrange equations of the indirect vari- 
ational theory. 

For clarity I will employ the notation of 
reference 1 and begin by reviewing the 
usual Lagrange formulation of this prob- 
lem. 

A maximum of the integral 


he = ha(t2) — Malti) = 


t 
ff. Va sin ydt (1) 
1 


for altitude gained over the time interval 
t, to tg is sought, along with the functions 
upon which it depends. In the planar 
case considered, these are 


V.(t) velocity magnitude 

y(t) = flight path angle 

h(t) altitude measured from earth 
center 

range angle 

a(t) angle between thrust line and 
velocity vector 


The integral is to be made stationary 
subject to the following equations of 
motion and kinematic relations as sub- 
sidiary conditions of the extremum prob- 
lem: 

Acceleration Tangential to Flight Path 


G, = F.cosa — 


mV, — mg sin y= 0 (2) 


(Continued on page 108) 
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COMMUNICATIONS PHYSICIST 
Plan applied research in such areas 
as telemetry and radar detection 
as affected by plasma sheaths. In- 
terpret space communication needs 
and problems. MS or PhD in EE or 
applied physics. 


SYSTEMS ENGINEER 
COMMUNICATONS 
EE or Physicist with 10 years’ expe- 
rience in systems design of airborne 
communications; to work on design 
of communication systems to meetre- 
quirements for future space vehicles. 


ENGINEER-NAVIGATION 

AND GUIDANCE 
To conduct analytical studies on in- 
ertial guidance and control for space 
vehicles. Should have background 
in closed-loop systems with 10 years 
of applicable experience and degree 
in EE or physics. 


SYSTEMS ENGINEER 
NAVIGATION & CONTROL 
EE with control systems back- 
ground. Required are five years’ 
experience in design of control and 
navigation systems, preferably in 

space vehicle systems. 


ENGINEER ADVANCED 
ANTENNA & PROPAGATION 
STUDIES 
To provide high level theoretical 
and experimental studies of anten- 
nas, propagation and target reflec- 
tors for all radio frequency bands, 
leading to new and improved con- 
cepts of equipment. BS, EE (ad- 
vanced degree desirable). Six years’ 
experience in above fields required. 


ANALYSIS AND 
SYNTHESIS ENGINEER 
Responsible for synthesis of new 
instrumentation and communication 
systems to meet missile and satellite 
requirements. Analytical knowledge 
in the field of instrumentation, com- 
munication and data processing with 

BS or MS EE essential. 


INSTRUMENTATION SYSTEM 
TEST & EVALUATION ENGINEER 
Coordinate tests on missile and 
satellite instrumentation systems. 
Requires experience in instrumen- 
tation and communication test and 
ground station equipment with BS,EE. 


Other significant opportunities 


exist in the following areas: 


Systems Engineering * Aerodynamics * Space Mechanics * Arming & Fuzing 
Systems « Airframe Structural Design * Materials Studies + Flight Test 
Analysis ¢ Vibration Engineering * Producibility Engineering * Human Factors 
* Plasma Physics * Gas Dynamics * Applied Mathematics * Ground Support 
Equipment ° Reliability Engineering » Project Engineering 


For further information regarding 
opportunities here, write Mr. Thomas H. Sebring, Div. 2MD 
You will receive an answer within 10 days. 


MISSILE & SPACE VEHICLE DEPARTMENT 


GENERAL @@ ELECTRIC 


3198 Chestnut Street, Philadelphia 4, Pa. 
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IAS BULLETINS ANDLATE NEWS... 


AERO/SPACE ENGINEERING readers may look forward to a history-making magazine next 
month. The original works of 55 aerospace engineers and scientists in the field 
of Manned Space Stations will be published, thus bringing together for the first 
time anywhere a wealth of data hitherto unavailable under one cover. 


THE NATIONAL TELEMETERING CONFERENCE, cosponsored by the IAS, AIEE, ARS, ISA, 
and IRE, is to be held May 23-25 at the Miramar Hotel in Santa Monica, Calif. 
Sixteen technical sessions consisting of 71 papers, 2 workshop sessions, ex— 
hibits, trips, luncheons and a banquet make up the program for this year's 
conference, theme of which is "Telemetry—Tool for Industry". Individuals 
wishing further information should contact Hugh Pruss, Chairman, National Tel- 
emetering Conf., c/o Telemetering Corp. of America, 8345 Hayvenhurst Ave., 
Sepulveda, Calif. Phone: EMpire 2-3131. 


IAS FLIGHT TEST FELLOWSHIP WINNER FOR 1960 IS HARRY PASSMORE, III, of Ft. Worth, Tex. 
Mr. Passmore, an Aeronautical Engineering graduate of Georgia Tech, is employed by 
Convair-Ft. Worth, and taking graduate courses at Southern Methodist University. 


DR. IGOR SIKORSKY WILL PRESENT THE SECOND LESTER D. GARDNER LECTURE in MIT's 
Kresge Auditorium, 3:30 p.m., Thursday, April 14. Dr. Sikorsky, an Honorary 
Fellow of the IAS, will discuss "Pioneering in Aircraft". All are invited. 


KEYNOTE SPEAKERS FOR IAS STUDENT REGIONAL CONFERENCES include James B. Reichert, Aero- 
dynamicist and Chief Test Pilot for Doak Aircraft Co., who spoke at the West Coast Con— 
ference in Los Angeles, March 3l-April 1. Dr. Alexander H. Flax, Chief Scientist, 

USAF, will address the Northeastern Conference at Brooklyn Poly, April 9; Dr. E. R: 
Sharp, Director of NASA's Lewis Research Center in Cleveland, will be guest speaker 

at the Southeastern Conference in Atlanta, Georgia, May 5-6; Dr. Jerome Lederer, Dir-— 
ector of the Cornell-—Guggenheim Aviation Safety Center, will be the speaker at the 
Middle—Atlantic Conference in Morgantown, West Virginia, April 29-30. 


MANNED SPACE STATIONS SYMPOSIUM COMMITTEE has made arrangements to accommodate 
between 700 to 1,000 at this IAS—NASA-RAND sponsored meeting to be held April 
20-22 at the Ambassador Hotel in Los Angeles. 


THE APPOINTMENT OF DR. COURTLAND D. PERKINS, FIAS, AS ASSISTANT SECRETARY OF THE AIR 
FORCE FOR RESEARCH AND DEVELOPMENT HAS RECEIVED CONGRESSIONAL APPROVAL. 


SECTION MEETINGS CALENDAR * 


Apr. 2 Los Angeles: Historical Meeting, IAS Bldg., 8 pm, "A Tribute to Roy 
Knabenshue", Chmn: Gen. F. Lahm & A. E. Raymond; Films: Zeno Klinker. 

Apr. 5 Detroit: Space Meeting, Engineering Society of Detroit, 6 pm, "Ancillary 
Systems for Space Vehicles", Kurt Stehling, NASA. 

Apr. 12 Boston: General Meeting, Rm. 2-190, MIT, 8 pm, "Soviet Aviation Today", R. 
P. Alex, Sikorsky Aircraft, and President, American Helicopter Society. 

Apr. 12 Los Angeles: Specialists Meeting, IAS Bldg., 8 pm, "Measurement of Tempera-— 
ture and Pressure in the Upper Atmosphere", Charles Barth, JPL, CIT. 

Apr. 12 New Mexico: Dinner Meeting, Officers' Club, Kirtland AFB, 7 pm, "Supersonic 

Transports", James B. Colburn. 
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Apr. 13 
Apr. 13 
Apr. 14 
Apr. 19 
Apr. 20 
Apr. 21 
Apr. 26 
Apr. 30 
May 10 
May 19 
May 19 
May 24 
June 14 
Aug. 


Sheet (Con’t.) 


‘al Survival", 


Niagara Frontier: Specialists Meeting, Auditorium, Cornell Aero. Lab, 8 pm, 
"The Aerodynamic Appraisal of STOL/VTOL Configurations", Robert J. Vidal, 
CAL. 

Chicago: Annual Student Meeting, Illinois Institute of Tech., 7:30 pm, 
"Future of Aeronautical Engineers", Panel of 3 speakers. 

Twin Cities: Dinner Meeting, Main Ballroom, Curtis Hotel (Minneapolis), 

6 pm, "Man's Venture into Space", James Van Allen, State Univ. of Iowa. 
Cleveland—Akron: Tour of Babcock & Wilcox, 4 pm, Dinner Meeting, Iacomini's 
Restaurant, 6 pm, "Applications of Expandable Structures to Space and Re— 
entry", R. S. Ross. 

Columbus: Dinner Meeting, "Some Consideration in the Design of V/STOL Air-— 
craft", R. G. Loewy, Vertol Aircraft Corp.; for time and location, contact 
R. D. Best, 3821 Mann Road, Blacklick, Ohio. 

Indianapolis: Technical Meeting—-Pizza Feast, Columbia Park, 7 pm, "Nation-— 
Col. Roscoe Turner. 

Los Angeles: Specialists Meeting, IAS Bldg., 8 pm, "Space Explorations", 
Fred Eimer, Jet Propulsion Lab., CIT. 

Niagara Frontier: Spring Dance, Buffalo Yacht Club, 10 pm. 

Los Angeles: Specialists Meeting, IAS Bldg., 8 pm, "Meteorites", Prof. 
Harrison Brown, CIT. 

Los Angeles: Dinner Meeting, IAS Bldg., 6 pm, Family Night Smorgasbord, 
"The X-15 Story", A. Scott Crossfield, North American Aviation. 

New York: Dinner Meeting, Airborne Instruments Lab. Deer Park Cafeteria, 
6:15 pm, Col. Carlo R. Tosti, USAF, Headquarters ARDC. 

Los Angeles: Specialists Meeting, IAS Bldg., 8 pm, "Magneto-—Hydrodynamic 
Experiments", V. H. Blackman, MHD Research, Inc. 

Los Angeles: Specialists Meeting, IAS Bldg., 8 pm, "Bi-axial Stress Fields", 
D. Fitzgibbon. 


29-30 Los Angeles: Section Symposium, IAS Bldg., all day, "Recovery of Space 


Vehicles"—including Secret sessions. 


* Items for this section accepted up to seven working days before end of the month. 


INTERNATIONAL, NATIONAL, AND JOINT MEETINGS CALENDAR 


Apr. 20-22 Symposium on Manned Space Stations (cosponsored by NASA and The 
RAND Corp.), Ambassador Hotel, Los Angeles, Calif. 

May 2-4 IRE Aeronautical Electronics Conference (Participation by Dayton 
Section of IAS), Dayton, Ohio. 

May 23-25 National Telemetering Conference (cosponsored by IAS, ISA, ARS, IRE, 
and AIEE), Hotel Miramar, Santa Monica, Calif. 

May 25-27 Specialists Meeting, Guidance of Aerospace Vehicles, Boston, Mass. 


June 28—Jul. 1 Summer Meeting, Ambassador Hotel, Los Angeles, Calif. 


Aug. 1-3 Meeting on Future of Manned Military Aircraft, San Diego, Calif. 
Sept. 12-16 2nd International Congress, International Council of the Aeronauti- 
cal Sciences, Zurich, Switzerland. 
Oct. 3-5 Midwestern Conference on Air Logistics, Tulsa, Okla. 
Oct. 17-18 CAI/IAS Joint Meeting, Queen Elizabeth Hotel, Montreal, Canada. 
Oct. 20-21 Symposium on Hypervelocity Techniques, Denver, Colorado. 
Dec. 17 Wright Brothers Lecture, Washington, D.C. 
1961 
Jan. 23-25 29th Annual Meeting, Hotel Astor, Times Square, New York. 
Mar. 9-10 Flight Propulsion Meeting (Classified), Cleveland, Ohio. 
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News. 


. . arecord of people and events of interest to Institute Members 


Guidance of Aerospace Vehicles Symposium 
Scheduled for Boston May 25-27 


3-Day Forum for Exchange of Latest Technical Information 


Will Include Address by C. S. Draper on Future Concepts 


== ANALYSIS, optical techniques, digital simulation, and human attitude 
control are among discussion areas scheduled for the IAS National Symposium on 
Guidance of Aerospace Vehicles, May 25-27, at the Somerset Hotel in Boston, Mass. 


A full program consisting of six technical 
sessions, a luncheon, and a reception- 
dinner has been planned. The Insti- 
tute’s Boston Section is handling all 
atrangements; a detailed program has 
been prepared for individual mailing to 
members. 

Dr. Charles S. Draper, Head of the 
Department of Aeronautics and As- 
tronautics of M.I.T., will be speaker at 
the luncheon on Wednesday, May 25. 
Dr. Draper, an IAS Honorary Fellow, 
will discuss ‘‘Guidance Concepts of the 
Future.’ The speaker for the dinner on 
Thursday, May 26, will be announced. 

The Meeting Committee, composed of 
members of the Boston Section, is 
headed by Section Chairman Daniel J. 
Fink, Vice-President and Chief Engi- 
neer, and Technical Program Chairman 
William B. Bryant, Manager, Systems 
Engineering Div., both of Allied Re- 
search Associates, Inc. Lawrence E. 
Beckley, Associate Director of M.I.T.’s 
Instrumentation Laboratory, is Ar- 
rangements Chairman. 

Technical papers will be presented as 
follows: 


May 25 


Guidance for Satellite Missions (A.M.) 


“Mission Planning and Tactics for an 
Air-Launched Satellite Reconnaissance 
Missile’—D. J. Simmons, Convair-Ft. 
Worth, Div. of General Dynamics Corp. 

“Some Considerations of Guidance 
and Control Techniques of Coplanar 
Orbital Rendezvous” —E. Harrison and 
M. Barnett, Vought Astronautics Div., 
Chance Vought Aircraft, Inc. 

“The Long-Time Satellite Rendezvous 
Trajectory” —Louis W. Spradlin, M.I.T. 
Instrumentation Lab. 

“Control and Guidance of Point Re- 
turn Vehicles”—J. H. Lowry and C. D. 
Buehrle, Vought Astronautics Div., 
Chance Vought Aircraft, Inc. 


Mechanization Techniques (P.M.) 


“Horizon Sensors for Vertical Stabili- 
zation of Satellites and Space Vehicles’ — 
Morris H. Arck and M. Monte Merlen, 
Barnes Engineering Co. 

“An Accurate Determination of Atti- 
tude by Optical Means’—G. von 
Pahlen-Federoff, Advanced Systems, 
The Martin Co., Orlando. 


“Application of Optical Techniques to 
Interplanetary Navigation’’—Wesley J. 
Haywood, Jr., Missile Systems Div., 
Raytheon Co. 

“A Free Reaction Sphere Satellite 
Attitude Control System’—R. D. 
Ormsby, Systems Div., Bendix Aviation 
Corp. 

“A Magnetic Bearing Suspension for 
Floated Integrating Gyros and Pendu- 
lous Accelerometers for Inertial Guid- 
ance Systems’’—P. J. Gilinson, Jr., W. 


Charles S. Draper 
Luncheon Speaker 
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William B. Bryant 
Technical Program Chairman 


G. Denhard, and R. H. Frazier, M.1.T. 
Instrumentation Lab. 


May 26 
Attitude Control (A.M.) 


“Measurement of Controller Param- 
eters for an Adaptive Autopilot’— 
Charles A. Harvey and Judson A. 
Lovingood, Aeronautical Div., Min- 
neapolis-Honeywell Regulator Co. 

“Limit Cycle Efficiency of On-Off 
Reaction Control Systems’’—George. 
Freeman, Aero-Space Div., Boeing 
Airplane Co. 

“A Study of an Adaptive Control 
System Using Digital Simulation’’— 
T. R. Benedict, H. R. Leland, W. C. 
Schultz, and M. G. Spooner, Cornell 
Aeronautical Lab., Inc. 

“V/H Attitude Control of Satellites’ 
—P. E. Mallory and P. A. Button, 
Research Div., Radiation, Inc. 


Special Problems in Guidance and Control (P.M.) 


“Control Development for Jet 
VTQOL’’—James A. O’ Malley, Jr., Aero- 
Space Dept., Bell Aircraft Corp. 

“In-Flight Measurement of Human 
Operator Alertness’ —Thomas B. Sheri- 
dan, Dynamic Analysis and Control 
Lab., M.L.T. 

“Pilot Control of Space Vehicle Atti- 
tude’’—James W. Useller and Joseph S. 
Algranti, Lewis Research Center, 
NASA. 
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“Hovering and Longitudinal Dy- 
namics of the Ground Effect Machine 
With Derivations of the Stability Deriva- 
tives for Vertical Motion’’—Tsun-Ying 
Feng, Bell Aircraft Corp. 


May 27 


Lunar and Interplanetary Guidance (A.M.) 


“Parameter Sensitivity and Guidance 
Viewpoints for Circum-Lunar-Flight 
and Return’—R. F. Hoelker, N. J. 
Braud, O. C. Jean, and A. J. Schwani- 
ger, Army Ballistic Missile Agency. 

“Trajectory Problems in Cislunar 
Space’’—George Shapiro, Astronautics 
Institute, Air Arm Div., Westinghouse 
Electric Corp. 

“Terminal Guidance for Lunar and 
Planetary Probes’’—R. H. Grube, Aero- 
jet-General Corp. 

“Differential Correction Method of 
Interplanetary Navigation’’—Harvey 
Safren, The Martin Co., Baltimore. 


Analytical Techniques (P.M.) 


“Methods of Analysis of a Control 
System for a Large Flexible Missile’’— 
David R. Lukens, Convair-Astronau- 
tics, Div. of General Dynamics Corp. 

“Application of Adaptive Control 
Techniques to Aero/Space Vehicles’ — 
W. F. O’Neil and M. J. Abzug, Douglas 
Aircraft Co., Inc. 

“Graphical Trajectory Analysis’’— 
Aaron S. Boksenbom, Lewis Research 
Center, NASA. 

“Prediction of Anisoelastic and Vi- 
bropendulous Effects on Inertial Navi- 
gation System Performance in Random 
Vibration Environments’’—Samuel 
Leshnover, Aeronautical Div., Minne- 
apolis- Honeywell Regulator Co. 


Benjamin Barish (M), formerly Chief Engineer 
for Ground Equipment Development, has been 
named Head of the new Project Management 
Dept. in the Tapco Group of Thompson Ramo 
Wooldridge Inc. 
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A. Scott Crossfield (AF), Chief Test 
Pilot for North American Aviation Corp.’s 
Los Angeles Div., was presented with the 
annual Flight Achievement Award of 
the American Astronautical Society at 
its annual meeting in New York late in 
January. The award was given to Mr. 
Crossfield for his contributions to the 
progress of manned space flight and cited 
him as: ‘‘The man whose skill, courage, 


ias News 


A. Scott Crossfield Receives AAS Flight Award 


and dedication to manned rocket flight 
have shown the way to travel beyond the 
conventional flight regime. A _ pioneer 
in the testing of high-performance ad- 
vanced research craft, his engineering 
knowledge and cool skill under difficult 
circumstances have contributed greatly 
to man’s efforts to extend the frontiers 
of flight from the earth’s environment into 
space.” 


News of Members 7 


H. Norman Abramson (AF), formerly 
Manager of Engineering Mechanics, has 
been appointed Director of Applied Me- 
chanics for Southwest Research Institute. 

David Blair (A), Chief, Research and 
Development, Robinson Technical Prod- 
ucts, Inc., has been assigned the addi- 
tional duties of Assistant Chief Engineer 
of the company’s West Coast Engineering 
Office. 

W. Wai Chao (M) has been appointed 
Chief of Research at Vickers Incorporated, 
a Division of Sperry Rand Corp. Dr. 
Chao was formerly with the Space Flight 
and Missiles Division of Bell Aircraft 
Corp. 

Robert C. Curry (M) has been appointed 
Field Service Engineer, 707-123 Technical 
Services Group for American Airlines, 
Inc. in Los Angeles. Mr. Curry was 
previously Project Engineer, Aircraft 
Structures, for the airline, based in Tulsa. 

John W. Drebinger (M) has joined 
the Senior Staff of Ramo-Wooldridge, 
a division of Thompson Ramo Wooldridge 
Inc., as a member of the Systems Tech- 
nology Dept. Dr. Drebinger was pre- 
viously with Hughes Aircraft Co. 

Leigh E. Dunn (AF) has been named 
Director of Facilities Engineering with 
Marquardt Corporation’s new Facilities 
Engineering Division. Mr. Dunn _ will 
continue as Director of the Test Division. 

James C. Elms (M), formerly Vice- 
President of Ground Electronics and 
Communications of Avco Corporation’s 
Crosley Division, has been named to fill 
the newly created position of Vice-Presi- 
dent and General Manager (Defense 
Operations) at the Division. 

A. P. Fontaine (AF), a Director of 
Bendix Aviation Corp. and a member of 
its administration committee, has been 
elected an Executive Vice-President, re- 
sponsible for engineering and research, 
sales, planning, product development, 
and patent activities. 

Lucian J. Hunt (M) has been elected 
Vice-President in charge of American 
Airlines’ Jet Maintenance and Engineering 
Center. Before his recent retirement from 
the Navy, he was in charge of the Naval 
overhaul and repair base at Coronado, 
Calif. 

John P. Lawler (A) has been assigned 
duties as Vice-President of the Eastern 
Regional Office, including Washington, 
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D.C. and Dayton, Ohio, of Aeronca 
Manufacturing Corp. He was previously 
Vice-President of the Washington office. 

Paul M. Leland (M), formerly Adminis- 
trative Scientist for Rosemount Aeronauti- 
cal Labs., University of Minnesota, now is 
associated with the Planning Staff, 
Military Products Group, Minneapolis- 
Honeywell Regulator Co. Mr. Leland 
is Chairman of the IAS Twin Cities 
Section. 

Joseph Neustein (M) has joined Electro- 
Optical Systems, Inc. as Head of the 
Advanced Power Systems Dept. of the 
Energy Research Division. Dr. Neustein 
was previously with Aeronutronic Divi- 
sion of Ford Motor Co. as Manager of 
Engine Research, Space Technology. 

Norman W. Padden (M) has joined 
The Narda Ultrasonics Corp. as special 
Representative to the aircraft industry, 
airlines, and the Air Force. He was 
formerly Northeast sales representative 
for the Aircraft Division of Aro Equip- 
ment Corp. 

Roy J. Sandstrom (AF) has been ap- 
pointed General Manager of Bendix 
Aviation Corporation’s System Division. 


Lloyd R. Everingham (M) has been appointed 
Director of the Ryan Aeronautical Co. Space 
Laboratory. Mr. 


Everingham was _ formerly 


Vice-President in charge of Research for Radia- 
tion, Inc. 
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Marquardt/Ogden delivered its first production engine to 
the Air Force in June 1957, one month ahead of schedule. 
This was achieved despite the problems of creating, build- 
ing and implementing a modern production facility and 
staffing it with qualified engineers and technical person- 
nel. In the more than two years since, each and every 
delivery has been as-per-contract-schedule, while Ogden 
ramjets have proved 100% reliable in all test flights of 
Bomarc IM-99A., 

By strict adherence to a realistic learning curve, Ogden 
Division currently delivers its supersonic ramjets at far 
less than their mid-1957 delivered cost—this despite the 
ramjet engine system’s relatively early stage of maturity. 

Recent expansion and additions further enhance 
Marquardt/Ogden’s capability. In 1958 the plant doubled 
floor space to almost % million square feet, with numbers 
of employees increasing 93%. 1959 marked Ogden Divi- 
sion’s addition of a first-of-its-kind Spin Forge and 
completion of a new facility for explosive metal forming. 
Ogden’s USAF-Marquardt acceptance test facility at 
Little Mountain gives the Division full-plant capability. 

Marquardt/Ogden is now capable of producing space- 
age hardware in all of its basic configurations—cones, 
cylinders, rings, parabolic shapes—using the most sophis- 
ticated of space-age metals. 

Responsible for Marquardt/Ogden’s record are: a crea- 
tively cost-conscious management team headed by Mr. D. 
K. Tasker (pictured left) ; early application of industry’s 
newest and most advanced production and metal working 
techniques ; a facility cited by Factory Magazine as one of 

America’s top ten; and the efforts of the Division’s nearly 
2,000 men and women workers. All combine to provide 
Department of Defense and Weapon Systems Managers 
with a unique capability for the on-time delivery of reli- 
able space-age hardware at minimum cost. _ 

For additional production capability specifics, you are 
invited to contact: Manager, Customer Relations Depart- 
ment, Ogden Division, The Marquardt Corporation, 1000 
West 33rd Street, Ogden, Utah. 


Current expansion creates a number of 
outstanding opportunities for: Product 
Development, Materials and Process, 
Manufacturing and Production Test 
Engineers; and skilled machinists. 


SCHEDULE 


COST REDUCTION PROGRAM 


High energy (explosive) forming produces hereto- 
fore ‘impossible to form’’ shapes—typifies Marquardt/ 
Ogden’s continuing quest for optimum materials and 
processes which advance the art of metal fabrication. 


Marquardt/Ogden’s massive Spin Forge is the 
most powerful of its type for cold-flow forming of space- 
age metals. It compliments the Division’s new explosive 
metal forming facility and other specialized equipment. 


USAF-Marquardt Jet Laboratory-Ogden at 
Little Mountain, some 15 miles West of Ogden, accept- 
ance-tests every production engine system produced by 
the Division; is capable of simulating flight at speeds in 
excess of Mach 3, altitudes above 100,000 feet. 


: 
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Mr. Sandstrom was formerly Assistant 
General Manager of the Division. 


T. W. Shinafelt (AF) has been appointed 
to the newly created position of Director 
of Quality Control and Service for Vought 
Aeronautics Division of Chance Vought 
Aircraft, Inc. Mr. Shinafelt was for- 
merly Head of the Division’s Service 
Dept. 


Walter J. Spengler (M) Director of 
Engineering of the Scintilla Division 
of Bendix Aviation Corp., retired Feb- 
ruary 1 of this year. 


Martin J. Timmons (A), has joined the 
engineering staff of FluiDyne Engineering 
Corp., assigned to engineering develop- 
ment and instrumentation projects con- 
nected with high altitude simulation 


tas News 


chambers, rocket motor test facilities, 
and shock tubes. Mr. Timmons was 
formerly a Research Fellow and Research 
Group Leader in the Aeronautical Engi- 
neering Dept. of the University of Minne- 
sota. 

George Toumanoff (M) been 
appointed Consultant to the Electronic 
Systems and Techniques Division of 
Airborne Instruments Lab., a Division of 
Cutler-Hammer, Inc. 


John C. Truman (M), formerly with 
General Electric Co.’s Small Aircraft 
Engine Dept., has joined the staff of 
Knolls Atomic Power Laboratory as a 
Supervising Engineer on the D1G Proj- 
ect. The Laboratory is operated by 
General Electric Co. for the Atomic 
Energy Commission. 


Corporate Member News 


e Aerojet-General Corp. bas established 
a new Structural Materials Division, 
combining the Structural Plastics Divi- 
sion and the Materials Dept. 


e American Bosch Arma Corp. has made 
arrangements to purchase Tele-Dynamics, 
Inc. The firm, which will operate as a 
division of American Bosch Arma, 
participates in research and development 
of airborne transmitting and ground 
receiving equipment, and recording telem- 
etry electronic equipment. 

e Bendix Aviation Corporation’s missile 
section has been established as a separate 
division of the corporation. The newly 
designated Bendix Mishawaka Division 
formerly operated as part of the Bendix 
Products Division. 


@ General Dynamics Corp. has announced 
the signing of a long-term lease for six 
floors of 9 Rockefeller Plaza (formerly 
the Time & Life Building) in New York 
City. The building will be renamed the 
General Dynamics Building upon occu- 
pancy, scheduled for September 1, 1960, 
and will serve as the executive headquar- 
ters for General Dynamics. 


@ General Precision Equipment Corpora- 
tion’s General Precision Link Division 
has established a new R & D Laboratory 
in College Park, Maryland. The pri- 
mary function of the new facility is the 
development of electro-mechanical and 
electronic equipment for missile range 
instrumentation, missile and space ve- 
hicles, ground support, and other related 
applications. 

e Kollsman Instrument Corp. has an- 
nounced the formation of a subsidiary 
with production and engineering facilities 
at the Munich Airport in West Germany. 
The new company’s name is Kollsman 
Luftfahrt Instrumente -G.m.b.H. 

e@Lear, Inc. has announced formation 
of a Service Division to serve all manu- 
facturing divisions. The new division 
will provide unified service to Lear cus- 


tomers in all military, commercial, and 
industrial products. 

@ Lockheed Aircraft Corp. has announced 
plans to acquire 50 per cent interest in 
the Grand Central Rocket Co. Purpose 
of the acquisition is to round out Lock- 
heed’s missile, satellite, and spacecraft 
capabilities. 

e@ Marquardt Corp. has established a new 
Facilities Engineering Division. Func- 
tion of the new division is to provide 
capabilities in the architect and engineer- 
ing field to pursue facility and associated 
design projects for governmental and 
commercial installations. 

e@The Meletron Corp. has purchased 
the William C. Gillette Building in Los 


T. F. Walkowicz (AF), a member of the 
Laurance S. Rockefeller staff, Rockefeller 


Brothers, Inc., has been named to the Board of 
Directors of Cornell Aeronautical Laboratory, 
Inc. 
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J. Paul Walsh (M) has joined C-E-I-R, Inc., as 
Director of the Space and Weapons Systems 
Div. Dr. Walsh was formerly Deputy Director 


of Project Vanguard and Systems Manager for 
Special Projects at IBM's Federal Systems Divi- 
sion. 


Angeles to house the company’s manu- 
facturing operations. 


e Mid-Continent Manufacturing, Inc. has 
announced that its name has been changed 
to Automation Industries, Inc. The com- 
pany is engaged in the fields of ultra- 
sonics, magnetics, production of missile 
parts and components, and industrial 
equipment leasing. Construction of a 
new plant facility in Torrance, Calif. 
is now underway, with occupancy as the 
company’s headquarters scheduled for 
around June 1. 


@ Thompson Ramo Wooldridge Inc. has 
announced plans to move its Tapco Group 
West Coast production from Bell and 
Long Beach, Calif., to Cleveland, Ohio. 
The reason given for the move was that 
“higher volume production capacity in 
similar product lines is available in 
Cleveland.” 


e@ United Aircraft Corp.’s wholly-owned 
subsidiary, United Research Corp. of 
Menlo Park, has changed its name to 
United Technology Corp. The name 
change reflects more definitively the work 
and scope of activities the company is 
undertaking. 


Necrology 
Harry W. Bartz (A) 
December 15, 1959, Tonawanda, N.Y. 


Harry N. Blosser (M) 
October 27, 1959, Ft. Worth, Tex. 


Sterling P. Fergusson (AF) 
November 26, 1959, Milton, Mass 


William Wager Medlin (M) 
January 24, 1960, Huntsville, Ala. 
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An Aero/Space Engineering feature 
on personnel of the IAS 


Leonard Rosenberg— 
Printer 


Indispensable to the quality and unend- 
ing variety of printed matter produced by 
the Institute’s National Headquarters 
Printing Department are the abilities of 
Leonard Rosenberg. He is assistant to 
Walter Wills, head of the Department, 
who was the subject of this feature in 
August, 1958. 

Talents siphoned from Lenny’s printing 
skills have made themselves evident in 
several IAS print shop productions re- 
cently—the Wright Brothers Lecture 
booklet (design and layout by Rosenberg), 
the IAS Charter Certificate (design by 
Rosenberg), and the new IAS Film 
Library brochure (redesigned by Rosen- 
berg). 


1AS News 


Lenny joined the IAS staff in November 
of 1943. He is twice a war veteran 
(World War II and Korea, serving in the 
latter action as Army Signal Corps 
Instructor). He and Mrs. Rosenberg, 
who are the parents of a daughter, make 
their home in Kew Gardens, Long Island. 


IAS Sections 


Chicago Section 
Wind Tunnel Demonstration 


Charles E. Eves, Staff Engineer in 
charge of Cook Research Laboratory’s 
wind tunnel, presented a general discussion 
on the tunnel’s construction at the 
January 13 dinner meeting in preparation 
for a visit to the facility. Mr. Eves’ 
presentation was illustrated with a number 
of slides. 

At Cook Research Laboratory, the 
wind tunnel was further explained and 
demonstrated for the group. The tunnel 
is a continuous flow, open circuit atmos- 
pheric induction type with either fixed 
or variable flow nozzles. The test sections 
are two-dimensional with airflow available 
by adjustment of two, J-47 turbojet en- 
gines. The tunnel has the advantages 
of general utility by adapting to a selection 
of speed ranges in a very short time. 
Supersonic Mach numbers can be varied 
continuously from the low supersonic to 
a Mach number of approximately 2.7 


with a 24 in. by 22 in. variable asymmetric 
nozzle, 


J. Mraz, Secretary 


Cleveland-Akron Section 
RAMP Early Warning System 


A tour of the new Engineering and 
Science Hall of Fenn College in Cleveland 
Opened the January 12 meeting, which 


featured a dinner on the college’s campus 
and an address by Harry Letaw, Jr., 
Manager, Systems Applications, Research 
Division Raytheon Co. 

Stating that studies made by the Ray- 
theon Co. lead them to believe in the 
feasibility of the Raytheon Airborne 
Microwave Platform system (RAMP) 
as an Early Warning System, Dr. 
Letaw presented a general discussion on 
the project. The proposal involves the 
use of high-altitude helicopters intended 
to be used as radar platforms. The 


unique feature is a beamed microwave 
power source developed by Raytheon 
which makes it possible to supply power 
to the helicopters from ground installa- 
tions. Both military and civilian applica- 
tions were included as possibilities’ 


R. K. CHAMBERLAIN, Secretary 


Hampton Roads Section 


Military Mobility; 
Astronaut Training 


The stalemate that is developing in 
military missile strength is such that each 
nation will have sufficient strength to 
serve as a deterrent to the other’s attacks, 
and small wars may become useful to a 
potential enemy as a means for achieving 
supremacy. The advantage is then with 
the side having the most flexible striking 
force. This was the basis of the argument 
explored before the January 12 meeting 
by Brig. Gen. Benjamin S. Kelsey, 
USAF (Ret.), Technical Associate of 
Booz Allen Applied Research, Inc.’s 
Washington Operations. 

Advocating a truly mobile striking 
force capable of moving rapidly to any 
place in the world, General Kelsey pointed 
out that an essential requirement of a 
striking force is an aircraft which has 
great operational flexibility. The air- 
craft should be capable of trading range, 
load, speed, and take-off and landing 
distance between wide limits. He felt 
that the VTOL/STOL type machine 
offered great promise of operational 
flexibility. The difficulty of determining 
the design trade-off’s in this relatively 
new and unusual type machine was dis- 
cussed. General Kelsey indicated that 
the state of the art would permit the 
design of such machines and strongly 
recommended that their development be 
pursued vigorously. 

The December 21 dinner meeting 
featured a discussion on ‘‘Highlights of 
Astronaut Training’? by Lt. Robert B. 
Voas, USN Medical Corps, Astronauts 
and Training Group Space Task Group. 
Lt. Voas is presently on assignment to 
NASA’s Project Mercury. 

Opening his presentation with a film, 
“Status of Project Mercury, October 


Among those present at the December 9 meeting of the Indianapolis Section were (left to right) H. 
W. Welsh, Vice-Chairman; W. Emmich, Program Chairman; Jack Real, guest speaker; H. D. 


Wilsted, Chairman; and F. J. Quetglas, a representative from the Air Traffic Control Service of Spain. 
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General 


Here is Francis Alterman, Manager of General Mills guidance, bombing and navigation systems, automatic 


Digital Computer Laboratory, checking one of our newest surveying and in industrial control. In future space travel, 
computers which he helped design. General Mills com- computers will help control navigational systems of space 
puters, both analog and digital, are being used in missile vehicles and will process data gathered in outer space. 


General Mills engineers work today 


General Mills has been producing computers and mathematics. Some of the studies rep- 


for nearly 20 years. Exciting new concepts resentative of these activities are: ions in | om 
in high speed magnetic tape units, ultra-high vacuum, deuterium sputtering, dust ero- pi 


precision analog to digital converters and sion, magnetic materials, stress measure- 
optical keyboards are examples of continuous ments, surface friction and phenomena, Ou 
developments in our over-all computer trajectory data and infrared surveillance. ge 
program. We work to improve reliability, 


- In our engineering department, current 
increase speed, cut cost. 


projects include: specialized inflatable vehi- : 


Our research activities cover broad areas in cles and structures, airborne early warning | 
physics, chemistry, mechanics, electronics systems, micro wave radar test equipment, | 


M 
i 


Mars seen from one of its moons... . illustration from book written for General Mills by Willy Ley. 


omatic 

travel, 
f space 
pace. 


le 


to help you explore space tomorrow 


hay _ antennas and pedestals, infrared and optics, requirements. Our people have a wealth of 

. inertial guidance and navigation, digital experience in complex military projects. 

asure- puters—and many other activities. Write for free booklets: (1) Complete research, 


mena, Our entire manufacturing department is engineering and manufacturing capabilities 
ice. geared to produce systems, sub-systems and of the Mechanical Division (2) New booklet 
assemblies to the most stringent military on General Mills computers. 


MECHANICAL DIVISION 


FE 1620 Central Avenue, Minneapolis 13, Minnesota 


i=) 
i=] 
ca 


General 


To wider worlds—through Intensive Research ¢ Creative Engineering * Precision Manufacturing 
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1959,”’ Lt. Voas illustrated the general 
design and operational concepts of the 
project. He then reviewed the criteria 
which were established for the selection 
of the astronauts and described some of the 
. | training which they are undergoing. 
‘ | Their activities fall into the following 
| categories: (a) training in astronautics 

| and space biology, (b) participation in 

Mercury development plan, (c) condition- 

ing for space flight, (d) training for opera- 

tion of Mercury Vehicle, (e) familiariza- 

| tion with ground operations, (f) continued 

| flight training. The use of such simulators 

| as the centrifuge, flight simulator, and 

devices which duplicate the heating en- 
vironment which the astronaut will 
undergo in the actual Mercury flight 
form an important part of the training 
program. Each man is trained to become 
a specialist in some particular field such 
as pressure suits, instruments and controls, 
| ete., relating to the Mercury system. 
Lt. Voas stated that the astronauts are 
progressing well in their training program. 
LAURENCE K. LoFrmin, JRr., Secretary 


You can do it with unique Droppable 

Load Buffers by Houdaille. Designed to 
protect portable search radar during 

to combat-condition helicopter drops, they 
combine maximum shock absorption 
with leveling adjustments. a 


drop 
2750 lbs. 


12 inches 


This hydraulic buffer is just 
one of the Houdaille designs 
that can be used or adapted to solve your own 
damping requirements. Houdaille buffers now | Indianapolis Section 
in production provide resisting forces from 
100 to 125,000 lbs.—with strokes from 1 to 
9 inches. Typical applications include radar 


Engineering Flight Test 


Jack Real, Division Engineer, Engineer- 


antenna limit stops, navigational control 
systems, and missile handling equipment. 
96 


damaging 


without 


sensitive 


Stroke (In. ) 


electronic 


Graph shows constant damping force 
of Houdaille Droppable Load Buffer. 
Infinite variations in pattern of 
damping orifices allow great flexibility 
in meeting your damping needs. 


equipment 


Houdaille 
Industries, inc. 


| 

| 
| Buffalo Hydraulics Division Name 

| 


Send this coupon for engineering bulletins 
giving performance curves and other data. 


542 E. Delavan Ave., Buffalo 11, N.Y. 


Address 
. . . Specialists in hydraulic damping 


and vibration contro/ 


City Zone State 
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| take longer to accomplish. Mach 2.20 


ing Flight Test, Lockheed Aircraft Corp., 
discussed his company’s departmental 
test structure and functions of each 
department in relation to the planned 


| test program at the December 9 dinner 
| meeting. Mr. Real’s presentation, ‘‘En- 
| gineering Flight Test,’’ included a sum- 


mary of the Electra and F-104 test pro- 
grams with an illustrative film of the tests 


and evaluations in the program. 


NorMAN M. Jones, Secretary 


| Kansas City Section 


Impact of Jet Transports 


The January 25th meeting opened with 
a tour of Trans World Airlines’ Flight 
Training Facility. The speaker at the 
dinner following the tour was Don Finlay, 
Chief of Preliminary Design, Transport 
Division, Boeing Airplane Co., who dis- 
cussed “‘The Impact of Jet Transport on 
the World’s Travel and Shipping Habits.” 
Mr. Finlay related the statistics and 
theories which form the basis for pre- 
dictions of coming events in the transport 
field. 

The past year, 1959, provided the first 
real insight into the effect of jet transport 
travel on our economy and travel habits. 
Many new speed records have been set, 
and the utility of the jets has proved to 
have high load and reliability factors. 
However, in comparison to _piston- 
powered aircraft, statistics are meager 
and predictions of the future of the jet 
transport do not lend themselves to strict 
extrapolation of available data. 

Mr. Finlay stated that great increases 
in passenger travel are due to increases 
in speed and not necessarily increases 
in comfort. No firm prediction of speed 
with time was made; however, it was 
stated that the supersonic transport 3 
with us and optimistically it can be done 
without the military but will probably 
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g. Flames swept across the open plains as 
. the Mongol hordes ran in terror from the 
% “arrows of flying fire’. When the smoke 
sl had cleared the Chinese had won the 
a- battle of Pienking with the first rocket. 
2 Missiles have become greatly more 
rs sophisticated since this crude unguided 
nd arrow was propelled by gunpowder packed 
oA in an open-ended bamboo tube. Today, as a 
sht vital part of one of the world’s largest 
ing electronics companies, Raytheon’s Missile 
me Systems Division is making significant con- 
= tributions to the art of missilry. The excit- 
om. ing new Pin Cushion Project for selective 
are missile identification, the constantly ad- 
am. vancing Navy’s air-to-air SPARROW III 
tary and Army’s HAWK are examples of their 
outstanding creative work. 
We are seeking highly creative people to 
maintain Raytheon’s leadership in this chal- 
or lenging field. For these people, Raytheon’s 
orp., Missile Systems Division creates a climate 
— for talent — perhaps your talent. 
eac 
nned 
inner 
= MISSILE: 
pro- 
tests th 
CENTURY 
SPECIFICATION ENGINEERS ... will 
al prepare design specifications, clearly defin- 
ie ing contractual obligations and responsi- 
Finlay, bilities. Close contact with design and 
nsport development personnel to provide technical 
dis- information necessary for specifications. 
wit.” BS.E.E. or equivalent desirable, with 
~s and | strong electronic experience in radar, or 
or pre missile systems. 
satel ‘ Please reply to Mr. Walter N. Wells, 
he first f Professional Personnel, Missile Systems 
ansport Division, Raytheon Company, 520 Winter 
foe Street, Waltham, Massachusetts. 
oved to | 
factors. 
piston- 
MISSILE 
increases 
increases 
increases 
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appears to be the optimum jet transport 
speed. 


F. A. ROSENTHAL, Secretary 


New Mexico Section 
Booster Recovery 


Paul T. Shipps, Senior Designer, Pre- 
liminary Design, Convair Division of 
General Dynamics Corp., presented a 
paper entitled, “Methods and Economics of 
Recovering Boosters for Orbital Vehicles,”’ 
before the January 28 dinner meeting. 
Mr. Shipps had presented this paper at 
the IAS 28th Annual Meeting on January 
26. 

Mr. Shipps stated that studies con- 
ducted at Convair into the feasibility of 
recovering orbital vehicle boosters for 
reuse were based on placing at least 25,000 
Ibs. into orbit. These studies indicated 
that a two-stage vehicle was most practi- 
cal, the first stage being the recoverable 
portion. Comparisons were made for 
four types of systems which included 
built up rocket boosters, optimized rocket 
boosters, semi-recoverable boosters, and 
highly recoverable boosters. Each sys- 
tem was described and illustrated by slides. 
The first two, built up and optimized 
boosters, were considered to be non- 
recoverable while the semi-recoverable 
type incorporated a parachute assembly. 
The economics of each system were 
calculated for a few firings up to several 
hundred based on the premise that the 
first stage booster could be recovered 
for the latter two types. These became 
economically feasible after approximately 
two hundred reuses. It was concluded 
that it was desirable to incorporate in 
the highly recoverable booster air-breath- 
ing engines, wings for low altitude lift 
and control, and structural strength for 
landings. Also, it was quite advantageous 
to have the booster recovered at the 
initial launch site. Additional flexibility 
could be gained by incorporating into the 
first-stage recoverable booster system a 
human pilot who would be ablé to exercise 
some degree of judgment and control. 


Lr. Cot. L. T. Boatwricut, JR., Secretary 


Omaha Section 
Aircraft Nuclear Propulsion 


A. A. Hafer, Manager, Applications 
Research and Planning, Aircraft Nuclear 
Propulsion Department of the General 
Electric Co., addressed the section’s 
January luncheon meeting. Mr. Hafer’s 
topic was, ‘‘Mission Considerations for 
Nuclear Propulsion of Aircraft and Mis- 
siles.’’ 

After a brief review of the basic princi- 
ples of aircraft nuclear propulsion, the 
unique features of this new form of pro- 
pulsion were discussed from the standpoint 
of its effect on systems design and mission 
considerations. The interrelations of such 
features as shielding, maintenance, ground 
handling, and endurance were considered 
as they affect aircraft and missile design 
and mission considerations. Mr. Hafer 
told of the work of General Electric 
in ANP: The X-211 direct cycle nuclear 
turbojet engine which ran on chemical 
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fuel in 1958, GE facilities at the Idaho 
test site for “‘hot’”’ tests, and the test 
device which utilizes two J-47’s harnessed 
to a reactor. A few of the reasons for 
using the direct cycle as opposed to the 
indirect cycle for nuclear turbojet appli- 
cations were explained. First, the han- 
dling of the reactor assembly during main- 
tenance is made easier because it is a 
complete unit and would require a mini- 
mum number of control disconnects 
whereas the indirect cycle using a liquid 
metal for the heat transfer fluid would 
not lend itself to easy removal because 
of the extensive plumbing connections 
and the problems associated with draining 
the heat transfer fluid. Also, the indirect 
cycle presents an extreme design problem 
in providing plumbing for the heat trans- 
fer fluid. One disadvantage of the 
direct cycle engine involves the problem 
of shielding which may restrict engine 
location in an airframe design. 

In conclusion, Mr. Hafer discussed 
Russian activities in the field of ANP. 
He stated that examination of their 
literature revealed no disputes, and he 
showed a few slides of Russian drawings of 
ANP aircraft. They were all charac- 
terized by a very long fuselage with en- 
gines mounted in the rear. Mr. Hafer 
recommended further investigation of 
Russian ANP by securing copies of the 
Congressional Testimony on the July 
1959 ANP Hearings. This document 
includes translations of Russian ANP 
papers in the appendix. 


MICHAEL J. McALIsTER, Secretary 


Seattle Section 


Wright Brothers Lecture; 
Considerations for Hypersonic Flight 


Dr. Alexander H. Flax, Chief Scientist, 
USAF, made the sixth presentation of 
the 23rd Wright Brothers Lecture, “High 
Temperatures in Hypersonic Flow—Physi- 
cal Principles and Experimental Tech- 
niques,’’ before a special section meeting 
on January 19. 

The regular section meeting on January 
14 heard Dr. Alfred J. Eggers discuss 
“Some Considerations of Aircraft Con- 
figurations Suitable for Long Range 
Hypersonic Flight.’’ Dr. Eggers is Chief 
of the Hypersonic Vehicles and Environ- 
ment Division of Ames Research Center, 
NASA. 

Dr. Eggers opened with a brief history 
of hypersonic flight stating that the 
original concept of a hypersonic glider 
was developed nearly 25 years ago. 
Serious work at NACA (now NASA) 
was begun after he and Dr. Allan prepared 
a short study indicating that the glider 
looked promising when compared to 
ballistic or supersonic airplane systems. 

The basic properties of hypersonic 
gliders were then reviewed using the 
fundamental range equation. The effect 
of vehicle lift-to-drag ratio on boost 
velocity requirements and mass ratio 
was shown to be small for ranges ap- 
proaching the circumference of the earth. 
Also, the heat transferred per unit area 
was higher for higher lift-to-drag ratios 
when the range was more than 1/4 of 
the earth’s circumference. Dr. Eggers 
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then showed the development of two 
possible hypersonic configurations—one 
of high L/D and the other of low L/D. 
Considerations of favorable interference 
lead to a conical body with a high wing 
drooped about 30° at the tips for the 
high L/D configuration. Tests at M=5 
have verified the advantages of this con- 
figuration, but extension to M=20 by 
the Hypersonic Similarity Law resulted 
in shapes impractically slender. 

The low L/D configuration shown was 
a blunt conical body with a small high 
wing giving an L/D of 0.8-0.9. This 
vehicle gave up to +750 mi. maneuvering 
capability without large losses in range 
and had an equilibrium temperature of 
3000°R using a radiation heat shield. 
This configuration showed no marked 
variations in aerodynamic characteristics 
throughout the Mach number range 
that has been tested. 

In summary, Dr. Eggers pointed out a 
corridor on the speed-range map within 
which hypersonic vehicles could be built. 
The top (high speed-low L/D) side of 
the corridor was limited by vehicle 
launch weight and the lower (low speed- 
high L/D) side was limited by total 
heat transferred. 


Joun K. Wrmpress, Secretary 


Tullahoma Section 
Life on the Moon 


“Biological Protective Environments on 
the Moon’’ was the subject of a presenta- 
tion by Milo Hnilicka of the National 
Research Corp. at the January 20 dinner 
meeting. Dr. Hnilicka discussed many 
of the problems associated with establish- 
ing and sustaining a colony on the moon 
surface. His work was the basis for an 
artist’s sketch of a moon village which 
appeared in a recent issue of Life maga- 
zine. 


WiuraM L. CHEW, Jr., Secretary 


Tulsa Section 


Annual Family Night 


Friday, January 15, was the date for 
annual family night, which included a 
cafeteria dinner followed by a movie 
program. 

The first feature, “‘Unfinished Rain- 
bows,”’ told the interesting and challenging 
story of aluminum. While we consider 
aluminum to be an every day commodity, 
at one time it was more precious than gold. 
Its transformation into one of the world’s 
most useful materials has offered a chal- 
lenge to man. The problems of intro- 
ducing aluminum for use by various 
manufacturers were many and difficult. 
The film also told of the challenge to 
youth in things yet undiscovered. 

“Thunderbird” told the story of the 
U. S. Air Force acrobatic team, showing 
maneuvers from the ground, air, and from 
the performing planes. Part of the 
film’s narration employed actual radio 
conversation between the pilots. 

The third film, “The Big Reach,” 
told the fascinating story behind the 
U. S. Air Force Lunar Probe, including 
the processes and procedures required 
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Can you use honeycomb in your business? 
New fabrication and manufacturing techniques developed by Rohr show great Perhaps you can put this dramatic new 
promise of a cost breakthrough for brazed stainless steel honeycomb sandwich material to work in your business. A new 
e for | Structures. There are countless possible applications throughout industry . . . perhaps brochure, explaining the characteristics of 
led a | In yours. ilabl 
is incredible material, widely used in the aerospace industry, is earmarked upon request. Write Mr. B. R. Alsobrook, 
Rain- for far broader applications as its unique characteristics become better known to f 
s desi Manager, Brazed Stainless Steel Products, 
win = Rohr Aircraft Corp., P.O. Box 878, Chula 
nsider The “sandwich of steel” is able to withstand great temperatures for prolonged Vista, Californi 
— periods — six times that of aluminum, for example. It can cope with sonic and ista, California. 
q’s acoustical environments impossible for conventional structures. 
a chal- | Brazed honeycomb sandwich panels offer outstanding insulation qualities, and their 
intro- | structural characteristics are extremely attractive when the problem is to increase 
7 strength while substantially reducing weight. 
ifficult. 
nge to | Rohr, a pioneer in the development of brazed honeycomb, has evolved new methods 
Which permit the fabrication of these structures in virtually any size, quantity or 
< configuration, including flat, wedge, curved, and compound curved panels. 
id from For less demanding applications, principally where the problem is one of strength/ i 
of = __ Weight ratio, Rohr honeycomb panels can be fabricated more economically from 
I te other materials and bonded adhesively rather than by brazing. 
h ” AIRCRAFT CORPORATION 
Reach, 
nd_ the 
cluding 
equired 


World’s largest Producer of components for flight ¢ Main plant and headquarters: Chula Vista, Calif. e Plant: Riverside, Calif. ¢ Assembly plants: Winder, Ga., Auburn, Wash. 
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liquid cooling wnits for 50 to 50,000 watts dissipation 
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Eastern cooling packs for electronic subsys- 
tems extend operating ranges to altitudes 
where air cooling becomes ineffective. ‘Black 
box’ designs can be more compact—reliable 
even at five times the speed of sound. 


These liquid cooling systems are completely 
self-contained—provide such components as 
pumps, heat exchangers, air impellers, reser- 
voir, coolant flow and temperature inter- 
locks and similar parts. 


Cooling capacities of existing systems 
range from 1,000 to 22,000 watts dissi- 


pees $= pation rates. Eastern cooling packs take 


ambient temperatures from —55°C to 
+55°C in stride, and perform to altitudes 
of 60,000 ft. 


Extensive experience in missile applica- 
tions has enabled Eastern to develop sys- 
tems unusually compact and light as well 
as highly reliable. At the same time, 
Eastern is able to provide at minimum 
cost equipment engineered to a specific 
need by using missile-proved components 
designed to your system configuration. 


Turn to Eastern for space-, weight-, 
and cost-saving solutions to your hottest 
cooling problem. Write for New 
BULLETIN 360. 


EASTERN 
INDUSTRIES 
INCORPORATED 


100 SKIFF STREET 
HAMDEN 14, CONN. 
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before a rocket can be fired. Difficulties 
encountered and results obtained from 
each rocket fired were shown. 


P. C. Jounson, Recording Secretary 


Washington Section 
Turbine Powered Transports 


Frank W. Kolk, Director of Equipment 
Research for American Airlines, addressed 
the November meeting on the subject of 
“Turbine Powered Transports—Opera- 
tional Experience Including Comparison 
with Original Estimates.’? Prior to Mr. 
Kolk’s discussion, a number of guests 
were introduced, including Dr. Shizuo 
Kikuhara of Shin Meiwa, Japan, who 
was visiting the United States under 
sponsorship of the Navy’s Bureau of 
Aeronautics to discuss aircraft hydro- 
dynamic developments. Dr. Kikuhara 
spoke briefly on current Japanese air- 
craft programs, noting contributions by 
this country to Japanese aviation activ- 
ities by bringing their technical knowl- 
edge up to date when design work 
resumed in Japan in 1954. 

Honorary Meeting Chairman William 
Littlewood, 1959 IAS President, then 
introduced the speaker for the evening. 
Subtitling his subject ‘“‘The Non-Scien- 
tific Approach to Jet Planning,’ Mr. Kolk 
opened by noting that the advent of the 
jet transport brought about the most 
radical change in equipment and operating 
philosophy experienced by the scheduled 
airline industry. The change can _ be 
considered revolutionary in comparison 
with previous evolutionary changes. This 
discussion reviews some of the major 
decisions made by American Airlines in 
planning the introduction of the Boeing 
707 and how the assumptions which had 
to be made in this planning worked out 
in practice. 

In determining the desired configura- 
tion for the American Airline 707’s, 
the approach of setting the number of 
passengers and/or size of cargo on given 
routes was discarded. With an early 
decision to use Pratt & Whitney JT3C 
(5-57) engines and a fixed basic wing, 
the objective was to adjust the overall 
design to give the greatest system flexi- 
bility and efficiency. One necessary mis- 
sion was defined: operating non-stop 
from New York to San Francisco with a 
full passenger load, this being the longest 
and most adverse route on which the 
aircraft were to be operated. This ap- 
proach necessitated the estimation of the 
environment for this flight, the size of 
the airplane then being adjusted to per- 
form this flight in the estimated environ- 
ment. Fuselage length was a variable— 
if very long, weight limited payload, if 
very short, capacity payload was reduced 
for all other less critical flights. As 2 
result of these studies the basic 70% 
originally specified was lengthened by 
120 in. to produce the optimum desigt 
on this basis. The environment estima- 
tion included comparisons of calculated 
take-off distances for various gross weiglit 
and temperature conditions with what 
were felt to be reasonable runway lengths. 
Based on their current DC-7 and British 
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Janitrol Reports 


on aircraft and missile components 


Cooling with Boiling Water 

This Janitrol “water boiler” heat ex- 
changer serves as an air conditioner for 
hot pilots at supersonic speeds, High 
temperature air passes through unique 
tubular structure made of extremely thin 
plates, and water on the primary side 
of the exchanger boils. Sufficient heat 
is extracted to enable mechanical cool- 
ing equipment to complete the job. Long 
experience with high temperature alloys 


in foil-thin sheets have enabled Janitrol 
to achieve significant weight savings as 
well as excellent heat transfer efficiency, 
simple manifolding, and design freedom 
of value to engineers trying to shoe horn 
the components into odd spaces. 


Million BTU per Hour 

If you like your heat wave in small 
packages — to heat buildings or vehicles 
for personnel comfort, to process fluids, 
to prevent freezing in transit or storage 


—here’s a liquid heater of modest dimen- 
sions that puts out up to a million Btu 
per hour, can operate on almost any fuel 
(gas, diesel fuel, JP-4 and LP gas) and 
starts reliably down to —65°F, Output 
is variable: it will maintain liquid at any 
specified temperature (within reason). 
Other Janitrol heaters of less impressive 
capacity are serving reliably on emer- 
gency fire-fighting vehicles to keep fluids 
fluid at all times all year round. 


Minus nothing-Plus very little 

The tolerances specified in Janitrol 
pneumatic control valves and regulators 
are so tight as to call for considerable 
artistry in their manufacture. To provide 
high reliability, the valve must not de- 
liver less than specified performance; yet 
the designer must observe all weight re- 
strictions and safety factors. And because 
air is such a versatile servant in advanced 
aircraft — for canopy seal, fuel transfer, 
blowers, coolers, actuators, and what 
have you—Janitrol valves and regulators 
are finding new and exciting applica- 
tions every day. 


Bracelets for bleed air lines 


The Janitrol couplings which tie to- 
gether the vital lines for high pressure 
air in aircraft and missiles are far from 
decorative. Yet they must possess jewel- 
like perfection. 

They must stay tight under pressures 
up to 600 psi, temperatures up to 750°F. 
In addition to withstanding heavy vibra- 
tion and bending loads, they must permit 
disconnects and pressure-tight reassem- 
bly repeatedly, reliably. 

In Janitrol Dubl-lock couplings, an 
extra measure of safety is included: a 
tang lock will hold even if the bolt 
should fail under overloads or over 
torquing. You can get Janitrol standard 
or Dubl-lock couplings in stainless steel 
or titanium, in sizes up to 7” diameter, 
and specials up to 36” in diameter. 

Janitrol’s unique experience in weld- 
ing and fabricating high temperature 
alloys to extremely tight physical and 
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dimensional specifications has contrib- 
uted much to the reliability of pneumatic 


systems in aircraft. 


Birth of a Notion 


A good measure of Janitrol confidence 
in the future of the aero-space age is its 
new research, development, and manu- 
facturing facility in Columbus, which 
includes among other things one of the 
industry’s best privately owned high alti- 
tude chambers (shown above). The six- 
foot diameter, twenty-foot long cham- 
ber simulates altitudes up to 100,000 
feet plus, temperatures down to — 80°F. 

These are just a few examples of Jani- 
trol’s unique capabilities in building true 
reliability into heat exchangers, cou- 
plings, pneumatic controls, and related 
hardware — and undertaking major re- 
search and development projects as well. 


We invite you to write for “Janitrol 
Resources,” a comprehensive illustrated 
brochure on Janitrol capabilities, Jani- 
trol Aircraft, a division of Midland- 
Ross Corporation, 4200 Surface Road, 
Columbus 4, Ohio, BRoadway 6-3561. 
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pneumatic controls « duct couplings and supports «- heat exchangers 
combustion equipment for aircraft, missiles, ground support 
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A Policy Statement... 


. . . submitted by the Institute of the Aeronautical Sciences to the Committee on 


Science and Astronautics of the House of Representatives on February 23, 1960. 


We were recently in receipt of a letter addressed to IAS President Putt from the House of Representa- 
tives Committee on Science and Astronautics from which the following is quoted: ‘‘The Chairman has also 
decided to set aside one day to hear from certain key professional societies and similar groups which speak 
with knowledge and experience on matters related to space. Accordingly |you are invited] to prepare a 
statement, preferably the official views of your organization or its directors, otherwise your personal views 
af there is not agreement from the group....We think it is time again to hear what should constitute our 
goals in space research, development and operations; the degree to which we are ready to meet these chal- 
: lenges; and any other observations which would be helpful to Congress and the public.” February 23 
7 was designated as the day for hearing from the societies. 
3 In order to determine what should be done in response to this invitation, General Putt called a meeting 
of available members of the IAS Executive Committee and Staff at the Cosmos Club in Washington on 
February15. At this meeting it was agreed that Dr. H. Guyford Stever of M.I.T.,a member of the Council, 
should represent the IAS before the Committee and that the IAS statement, based on discussions at the 


meeting, be drawn up jointly by Dr. Stever and the Director. 
the Executive Committee for approval before presentation. 


W. consider it a pleasure and a privilege to appear 
before your Committee in response to your Chairman’s 
invitation. We recognize the importance of the work 
that your Committee and the other Committees of the 
Congress are doing in their effort to maintain the posi- 
tion of scientific and technological leadership which the 
country has long enjoyed. It is vital that we retain this 
leadership as a guarantee of our national security and 
of our future economic welfare. 

We appreciate the Committee’s inclusion of certain 
scientific and technical societies on its list of witnesses 
in the area of aerospace technology. Just as the Con- 
gress is the open forum in which economic, military, and 
political matters concerning the welfare of the United 
States are debated, so our scientific societies make up 
the forum in which scientists and engineers expose new 
theories and advanced ideas for debate and discussion 
in the presence of their colleagues. In this way science 
and engineering are advanced, and the body of basic 
scientific knowledge grows. 

As a scientific society dedicated to the advancement 
of the art and science of aerospace technology, the 
Institute of the Aeronautical Sciences engages in two 
principal forms of activity: 

(a) It facilitates through its meetings and its publica- 
tions the rapid interchange of scientific and technical 
information among the 15,000 scientists, engineers, 
educators, and industrialists which comprise its graded 
membership. 

(b) It encourages qualified students in our schools 
and universities to prepare themselves for positions of 
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The final statement was referred back to 
It appears below. 


leadership in the aerospace sciences. It has some 5,000 
students enrolled in Branches at some 80 universities in 
the country. 


Institute meetings are organized at National, Re- 
gional, and Sectional levels. Subjects range over the 
whole spectrum of matters relating to aerospace science 
and technology. In any calendar year (not counting 
meetings held by Student Branches), their number aver- 
ages one per working day. Nearly 600 papers are pre- 
pared and presented at such meetings yearly, many of 
which are published in IAS journals or periodicals. 


Supplementing the regular meetings, frequent brief- 
ings and inspection trips to Government R&D and test- 
ing facilities are organized. Most of these are classified, 
and all are carefully controlled by the sponsoring agency 
for security. Such field trips offer invaluable oppor- 
tunity for Government and industry personnel to ex- 
change ideas on an informal basis. 


The IAS Student Program includes periodic Branch 
Meetings, as well as Annual Regional Conferences. 
Vocational guidance material for high school students is 
compiled and distributed on a country-wide basis. 


To service the professional needs of its membership 
the Institute maintains two technical libraries, one in 
New York and one in Los Angeles. In addition to mak- 
ing available up-to-date books, periodicals and reports, 
these libraries produce voluminous monthly abstracts 
of pertinent literature in the aerospace sciences from 
all sources, including the U.S.S.R. These appear 
monthly in IAS publications. 
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The Institute is also the custodian of a number of 
annual awards to honor outstanding contributions by 
individuals to progress in the aerospace sciences. The 
most recent—and of particular interest to your Com- 
mittee—is The Hill Space Transportation Award. 


The Institute’s only mandate under its Charter is to 
advance the aerospace sciences. Its sole objective is to 
raise the level of the country’s scientific and technical 
competence in the aerospace sciences so that there will 
always be an adequate number of qualified professional 
people available to maintain our technological leader- 
ship. 

With the above in mind, it is clear that we cannot 
come before your Committee today to speak as an organ- 
ization as to what should constitute specific goals in 
space research, development, and operations. These 
are questions of national policy which must be deter- 
mined by the Executive and the Legislative branches of 
Government. The Defense Department must set the 
requirements for national security and conduct the 
necessary military space programs. Under the Na- 
tional Aeronautics and Space Act of 1958, the National 
Aeronautics and Space Agency has the responsibility to 
plan for and to conduct the nonmilitary aspects of 
space exploration. The Congress, after considering 
national policy objectives and the state of the national 
economy, must decide on desirable rates of develop- 
ment and optimum levels of operations for the space 
program. 


Individually, many officers and members of this 
Institute cooperate with and assist many agencies of 
Government in evaluating specific proposals and in 
determining properly balanced programs in aeronautics 
and in space technology. As individuals, many of them 
have strong personal views on such subjects. Some of 
them have undoubtedly testified before your Com- 
mittee. It would be quite presumptuous for us as an 
organization, however, to appear before you to recom- 
mend this or that specific program, or to suggest that 
more or less money be allocated to one or to the other of 
the Armed Services in support of one weapons system 
over another. We are not equipped to do so. Such 
things are outside the scope of our Charter. 


As an organization, however, we believe strongly in 
the necessity and in the urgency of extending the bound- 
aries of human knowledge of the universe in which 
we live. New techniques developed in the past decade 
have opened up possibilities for exploration and for 
exploitation of space at speeds and at altitudes ranging 
from zero out to infinity. It is essential that we take 
full advantage of these capabilities both for the better- 
ment of our people and for the security of our country. 

At the same time we must not allow ourselves to be 
completely distracted by these glamorous new capabili- 
ties. Few people now living will experience space 
travel or participate personally in space exploration. 
For the foreseeable future, by far the bulk of human 
travel, and, in fact, the major theaters of military con- 
flict, will be restricted to the surface of the Earth, or to 


the thin shell of atmospheric air which envelopes it. 
Every space vehicle must transit the atmosphere on its 
outward track, and must cope with complex re-entry 
problems on its return. We must, therefore, not over- 
look or neglect the aeronautical aspects of the aerospace 
sciences. Many difficult and complicated problems yet 
remain to be solved before we can attain complete 
mastery of the Ocean of Air in which we all are living. 
Our aerospace programs for national welfare and for 
national security must be properly balanced, if they are 
to be effective. 

Activities such as ours contribute directly to the 
ability of the country to meet such challenges by im- 
proving the technological capabilities of our scientists 
and engineers. In recent years there has been a marked 
shift in the interests and activities of our members from 
air-breathing aircraft and their components and re- 
search problems, to ballistic missiles, space vehicles, 
and the associated space technology. This did not 
start at the launching of Sputnik I, but was already 
under way by the end of World War II. In the follow- 
ing decade, although space vehicles were seldom men- 
tioned as such, many of the papers presented in Insti- 
tute meetings dealt with scientific subjects on which 
present technology is based. 

Leading aerospace engineering, scientific, and in- 
dustrial people in this country are members of this 
Institute. They are graduates of our great universities 
and engineering schools. Many of them have had up 
to half a century of background and experience in their 
profession. We believe that membership in the In- 
stitute has added to their capabilities. 

The U.S. has a responsibility for world leadership. 
Leadership is compounded of many factors, and any 
nation aspiring for leadership must be a leader in all 
major factors involved. The past decade has seen 
science and technology emerge as a dominant factor in 
world affairs. Military, political, economic, and social 
decisions cannot be made without consideration of the 
influence of science and technology in such areas. Not 
only is technology the foundation of our national pros- 
perity but also of our military strength. It is essential, 
therefore, that we adopt every possible means to ex- 
pand and to improve our human resources in the scien- 
tific and engineering fields. 

The technical potential of this country, as represented 
by engineers, scientists, and technical managers, is 
sufficient to meet any challenge. Within the member- 
ship of the scientific societies there is a vast reservoir 
of highly trained and experienced men. Many are al- 
ready engaged in the aerospace program of the country, 
but there exists in other sections of the economy a great 
capability for emergency expansion as was convincingly 
demonstrated in World War II. We are certain that 
U.S. engineers and scientists can meet any demands that 
national policy may dictate. The Institute will con- 
tinue its effort to improve the professional competence 
of its membership and stands ready and willing to assist 
in any or all programs in the aerospace sciences which 
the Congress in its wisdom sees fit to establish. 
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“It seems evident that the hovering performance of the machine is 


in reasonable agreement with simple momentum theory. 


In this respect it should be pointed out that slot velocities are low... .” 


Preliminary Flight Experiments With the 


Princeton University 20-Ft. Ground Effect Machine 


W. B. Nixon and T. E. Sweeney 


Forrestal Research Center, Princeton University 


Bice DEPARTMENT of Aeronautical 
Engineering of Princeton University has, for the past 3 
years, been conducting a program of basic research into 
various aspects of ground effect phenomena. Reports 
on early work dealt with two-dimensional hovering 
studies of the peripheral jet. Later work, soon to be 
released, includes the two-dimensional study of open 
plenums in simulated hovering flight. Three-dimen- 
sional experimental results looking into scaling and the 
effect of the boundary layer within a peripheral jet are 
also soon to be reported upon, along with certain 
stability and control results from static and wind- 
tunnel experiments. 

In conjunction with this experimental effort with 
static and wind-tunnel models, Princeton has con- 
structed two manned ground effect machines for the 
purpose of examining certain stability and control 
schemes, and thereby acquiring a feeling for overall 
GEM problems. 

The first of these machines, the Air Scooter, was built 
to examine the feasibility of kinesthetic control; the 
other—a 20-ft.-diameter peripheral jet machine to 
examine stability, control, and performance—has been 
in operation for approximately 2 months. Our opera- 
tional experiences and the preliminary experiments 
conducted with this second machine form the subject 
of this paper. 

A substantial portion of the following discussion deals 
with momentum drag. This component of overall 
drag is of considerable interest to the Princeton group 
since the very nature of an air-eating device, such as a 
ground effect machine, implies a marked drag due to 


The Princeton University research program dealing with 
Ground Effect Phenomena is sponsored by the U.S. Army, 
TRECOM, and is under the leadership of Prof. Courtland D. 
Perkins, Chairman of the Department of Aeronautical Engineer- 
ing. 

The authors wish to acknowledge the contributions made by 
M. P. Knowlton of Princeton University to the momentum drag 
analysis. 
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this ingestion of air. During the recent Ground Effect 
Symposium at Princeton (October 21-23, 1959) it was 
evident from the results presented and subsequent dis- 
cussions that the two performance characteristics 
having the most influence on the future of the high-speed 
GEM are the nature of the lift change with forward 
flight and the magnitude of the momentum drag. R. 
Kuhn of NASA, Langley, the first to make a drag 
breakdown obtained from three-dimensional forward 
flight experiments, reported momentum drags con- 
siderably less than anticipated—although still signifi- 
cant. Princeton work with the 20-ft. machine (P- 
GEM) generally confirms the NASA results regarding a 
lower momentum drag than one would compute based 
on zero momentum recovery. It is interesting and 
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Fig. 1. Schematic layout of P-GEM. 


Plate A. 


significant that this appears to be so, and it is of primary 
importance to understand the reason for the apparent 
momentum recovery. Certain studies have been made 


with the P-GEM, the results of which suggest the na- 


ture of this momentum recovery. 

Other experiments with this machine include the meas- 
urement of control moments and control rates about 
each of the three axes, a measurement of augmentation 
ratio and a comparison with theory, and, finally, a com- 
parison of the full-scale augmentation ratio curve with 
that of a 1/12 scale model. 


Discussion 


P-GEM, General 


The P-GEM is circular in planform and is equipped 
with a single annular jet and four radial slots. The 
radial slots, intended to impart static stability to the 
machine, have been found unnecessary at the altitudes 
so far achieved and are therefore sealed off. A view of 
the P-GEM appears in Plate A. 

The pertinent characteristics of the P-GEM are as 
follows: 


Planform, circular 

Diameter (overall), 20 ft. 

Diameter (base), 18 ft. 2 in. 

Area (slot), 19.3 ft.? 

Area (inlet), 12.5 ft.? 

Propeller (Sensenich, custom made), 4-ft. diam. 
Engine (main), Nelson H63B,43 hp. 

Gross weight (including pilot and fuel), 1,070 lbs. 
Weight (empty), 850 Ibs. 

Engine (tail rotor), Power Products 5 hp. 
Performance 


Maximum ground clearance, 12 to 14 in. 
Maximum speed, 20 to 25 m.p.h. 


Fig. 1 shows a schematic representation of the 
machine. Control is achieved about the normal axis by 
a tail rotor mounted on a 5-hp. engine. The entire 
engine swivels through 180° and is mechanically con- 
nected to the rudder pedals. Longitudinal and lateral 


Mr. Nixon is a Research Assistant in the Depart- 
ment of Aeronautical Engineering. He re- 
ceived a B.E. degree in mechanical engineering 
from Yale University in 1952, and attended 
Princeton University as a graduate student 
until 1954, at which time he entered the USN 
and served as a naval aviator. In 1958 he 
returned to Princeton and has been working 
in the ground effect research program since 
that time. 


Mr. Sweeney is a Senior Research Associate in 
the Department of Aeronautical Engineering. 
He received a B.S. degree in aeronautical 
engineering in 1943 from the University of 
Alabama and a M.S.E. degree from Swarth- 
more College in 1951, at which time he joined 
the research staff of Princeton University. His 
experience is predominantly that of an experi- 
mental researcher in the field of subsonic 
aerodynamics. He is presently project engi- 
neer of the Princeton ground effect research 
program. 


control are achieved by means of control vanes located 
in the annular nozzle. The peripheral location of these 
vanes is shown in Fig. 1 (blackened areas in plan view), 
and a detailed view of their operation is shown in Fig. 2. 
It will be observed that the vanes operate as a butterfly 
valve when rotated from the normally open position. 
In the open position they are intended to serve as corner 
vanes to turn the flow more efficiently. One group of 
control vanes is located on the forward periphery to pro- 
duce nose down pitch; another group located aft pro- 
duces nose up pitch. Ina similar manner the tip vanes 
control right and left roll. Each set of vanes is ac- 
tuated by an electric servo, inputs to which are made by 
the pilot by means of a formation stick in the cockpit. 
Horizontal forces required to move the machine in any 
direction are generated by the appropriate tilting of the 
craft by means of the control vanes. Vane operation is 
proportional to stick movement; however, the stick/ 


OPEN 


CLOSED 


Fig. 2. Control vane operation. 
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Fig. 3. Control rates, HUP-1 vs. P-GEM, hovering flight. 


vane displacements are not linear. But neither is the 
throttling effect of a butterfly valve linear. It is not 
yet known how nonlinear the total system is in regard to 
control moments produced per increment of stick dis- 
placement. 


Control 


The overall control of the P-GEM can be discussed 
from the point of view of its ability to create horizontal 
components of force that provide the propulsive and 
braking effort, as well as those required to curve the 
flight path in the horizontal plane. Control may also be 
discussed in terms of the control moments available in 
roll, pitch, and yaw which, when combined with control 
lags, response rates, and inherent stability, give the 
pilot control over the attitude of the machine. This 
section will discuss aspects of both of these problems. 

The P-GEM has been designed to generate the re- 
quired horizontal force components by tilting the whole 
machine in the same manner as does the helicopter. 
These forces are therefore seriously limited by the 
attitude at which it flies and the requirements for 
ground clearance. For the 12-14 in. of hovering altitude 
presently available to the P-GEM, the maximum angle 
of pitch and roll is about 4 deg. limiting the forward 
speed to about 20-25 m.p.h. and the horizontal force com- 
ponents available for curving the path to about 7 per 
cent of the gross weight. This force is not too bad with 
relation to the low available forward speed, but limits 
severely the possibility of maintaining straight flight 
paths in cross winds of 15 m.p.h. and above. This 
situation will be improved considerably with the addi- 
tion of more power. We are presently increasing the 
power from 43 to about 180 hp., which will permit esti- 
mated hovering altitudes of about 3 ft. This, in turn, 
will permit higher speeds, perhaps up to 40 m.p.h., and 
the attainment of tighter flight path control, particu- 
larly with reference to cross winds. 

The second aspect of control that has been studied is 
the pilot’s ability to control the attitude of the PCGEM 
to permit it to realize its present performance capa- 
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bility. This is, of course, a more sophisticated prob- 
lem as it deals with the gross magnitude of the control 
moments that can be generated, the dynamics, elastic- 
ity, and hinge moments of the control system, and the 
aerodynamic phenomena dealing with lags, all closely 
related to the inherent stability of the machine while 
flying in the deep ground effect. The overall assess- 
ment of this aspect of control is ultimately related_to 
the pilot’s opinion, although some aspects of the tran- 
sient response are of interest. 

First of all, the gross control moments available 
through full stick deflection in hover have been meas- 
ured by opposing full control application with asym- 
metric weights. It was found that the maximum 
pitching and rolling moments in hover were approxi- 
mately 470 ft.lbs. Because of the severe limitation of 
the bank angle, sufficient time was not available to 
achieve a steady-state rolling or pitching velocity. 
However, some of the maximum transient rates ex- 
perienced were measured with indicating rate gyros. 
These rates are compared against similar angular rates 
measured on a HUP-1 helicopter under test by the De- 
partment and considered only marginally acceptable. 
It must be kept in mind that the HUP-1 rates are fully 
developed steady-state responses while for the P-GEM 
they are only the maximum measured. Comparison of 
these results indicates that higher rates might be 
desirable and thus confirm pilot opinion, at least to a 
degree. 

A factor that is probably important to the pilot’s 
feeling that higher rates of roll and pitch would be desir- 
able is the fact that there appears to be a significant 
lag between the application of the control at the stick 
and the actual achievement of a finite response. 
Whether this is due to mechanical lags, elasticity in the 
control mechanism, or nonlinearities in the aerodynamic 
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development of moments is not knownas yet. Actually, 
the low altitude initially achievable with the P-GEM 
places it in a regime where the hovering stability is quite 
adequate. Under these conditions, the lags and the 
somewhat low response rates do not hinder a pilot from 
controlling it to the limit of its present capability. The 
addition of more horsepower, presently planned, will 
permit the machine to hover at an altitude where this 
stability will have just about vanished, and at this time 
these transient control shortcomings will have to be 
corrected. 

It should be noted in Fig. 3 that the maximum yaw 
rate compares very favorably with the HUP-1. This is 
a more valid comparison since both rates are steady- 
state maxima achievable with the application of full 
control. Pilot’s opinion also supports the contention 
that the yaw control of the P-GEM is adequate. 

In summary, then, the present altitude capability of 
the P-GEM limits the forward speed to about 20-25 
m.p.h. and also permits inadequate side force develop- 
ment, particularly with reference to flying the P-GEM 
in cross winds. More power will improve both the 
speed and control force available. The present tran- 
sient response of the overall control system is adequate, 
but it has some shortcomings that will probably be un- 
acceptable when the machine flies at higher altitudes 
with lower stability levels. 


Drag Experiments 


In order to measure full-scale drag, a 30-ft. boom was 
fitted laterally across a jeep from which a 50-ft. cable 
was attached to a glider tow hook on the nose of the P- 
GEM. Acable tensiometer included in the system thus 
yielded direct drag measurements. For these experi- 
ments the tail rotor engine was not operated. A series 
of runs was made up and down the Forrestal runway 
over a speed range of from 10 to 30 ft./sec. The re- 
sults of these experiments are shown in Fig. 4. The 
tare values shown in the Figure result from the 2° nose 
up trim attitude of the P-GEM during these measure- 
ments. These drag values were reduced to coefficient 
form based upon the total planform area of 300 sq/ft. 
and are plotted in the lower portion of Fig. 4. It is seen 
that the drag coefficient increases in a pronounced 
manner with velocity. The coefficient curve was 
extrapolated to zero velocity, and this value was as- 
sumed to be the parasite drag coefficient of the ma- 
chine. Curve C of Fig. 5 was constructed from this 
minimum drag coefficient and represents the parasite 
drag variation with velocity. Curve B (Fig. 5) is trans- 
posed from Fig. 4 and is the experimentally determined 
drag variation with velocity. Curve A (Fig. 5) repre- 
Sents the parasite drag curve added to the computed 
momentum drag. The momentum drag was computed 
on the basis of simple theory assuming zero momentum 
recovery, and is based upon a mass flow measurement 
through the machine of approximately +10 per cent 
accuracy. 

It seems evident from the differences between curves 
A and B that there is some momentum recovery. It is 
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Fig. 6. Flow diagram. 
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Fig. 7. Augmentation ratio comparison. 
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Fig. 8. Model - full-scale comparison. 


perhaps reasonable to expect some recovery of momen- 
tum from the ejected air, even though it suffers con- 
siderable losses due to mixing and impingement upon 
the ground. This, however, does not appear to satisfy 
the magnitude of the spread of curves A and B, particu- 
larly when one observes the tendency of curve B to in- 
crease in slope, with increasing velocity, at a greater rate 
than curve A. An examination of these two curves 
gives the distinct impression that they might intersect 
or become tangent at a not very much higher velocity 
than the maximum achieved. This is not the only evi- 
dence which gives rise to the suspicion that there is 
another factor, which is a function of velocity, influencing 
an apparent momentum recovery. 

This other evidence can best be described as the effect 
of the presence of the sink on the entire flow field over 
the machine. It is reasonable to expect that the total 
drag would be less than parasite drag plus momentum 
drag since the sink which produces the momentum drag 
also changes the entire flow field about the machine, and 
it seems possible that the altered flow could be benefi- 
cial from the drag aspect. Fig. 6 is a schematic dia- 
gram of the observed flow (by means of tufts and 
smoke) over the upper surface of the P-GEM. The dia- 
gram is somewhat idealized and exaggerated for pur- 
poses of simplicity of presentation, but it is a general 
representation of what appears to be a dominant flow 
condition. The quantity of ingested air is shown pass- 
ing over the forward control volume boundary A-A' and 
into the sink. To help make up for this ingested air, 
however, additional flow is aspirated in through the side 
boundaries of the control volume across boundary B-B'. 
As forward speed increases, the effect of the sink on 
the flow decreases, thus accounting for the apparent 
convergence of curves A and B of Fig. 5. Admittedly 
Fig. 6 is only a two-dimensional slice of a complex flow, 
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and it should be emphasized that the foregoing drag dis- 
cussion is based upon tuft observations and upon the 
measurements presented in Figs.4and 5. It is our best 
deduction, at the present, of the mechanism of the ap- 
parent momentum recovery, and it is offered as a sug- 
gestion for consideration by others. 


Lift Augmentation 


In order to compare the P-GEM’s hovering perform- 
ance with theory, mass flows through the machine were 
measured together with height. To do this, the slot 
was raked at eight stations around the periphery and 
the results averaged. Altitude was measured at three 
stations simultaneously and the results averaged. Both 
of these measurements were somewhat difficult to make 
accurately; however, it is believed that the results are 
within +10 per cent accuracy for the two experimental 
points shown in Fig. 7. It was, unfortunately, not pos- 
sible to acquire more data in the time available. The 
solid curve in Fig. 7 is a plot of Chaplin’s simple 
momentum theory, and the dashed curve represents an 
estimate of the P-GEM’s augmentation ratio curve 
based upon the two data points. 

Fig. 8 is a preliminary attempt to compare the full- 
scale hovering performance with that of a 1/12 scale 
model of the P-GEM. Lift of the full-scale machine 
was measured over a range of altitudes up to approxi- 
mately a quarter of a diameter by suspending the 
machine from an overhead hoist and reading the ap- 
parent weight of the machine on a strain-gage load cell 
located in the suspension system. These data points 
were measured at a constant power setting. The solid 
curve of Fig. 8 representing the 1/12 scale model was 
determined by means of a more appropriate model static 
test stand. Of particular interest was the hump in the 
model lift augmentation curve. Since there are plans 
to increase the power in the P-GEM to reach altitudes 
in the vicinity of this hump, it was of some importance 
to know if the full-scale machine would have a similar 
augmentation curve. 

In order to compare the shapes of these curves, with- 
out having accurate mass flow measurements through 
either the model or full-scale machine for all of the alti- 
tudes considered, results were reduced to the parameter 
L/Lnyp.25- 

Fig. § indicates a rather close agreement in the shape 
of the two curves and gives some promise that the full- 
scale machine will have a hump in the augmentation 
ratio curve quite similar to that of the model. 


Conclusions 


The work reported and the deductions presented in 
this paper are of such a preliminary nature that conclu- 
sions, as such, should be considered as tentative. 

As far as the controllability of the P-GEM is con- 
cerned, it is evident that better longitudinal and lateral 
control is desirable; however, directional control seems 
to be quite adequate. 

The interesting problem of momentum drag is still 

(Continued on page 58) 
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The Convair 880 was flight flutter tested a year before it was built! 


This contradictory statement serves to introduce the subject of this article. 
A complete 1/20th scale, dynamically similar model was “flown” in the Southern California CWT 
transonic test section for flutter testing beginning in March, 1958. 


Flutter Testing the 880 in a Transonic Wind Tunnel 


Andrew Mac Lellan, MIAS 


Convair—San Diego 
A Division of General Dynamics Corporation 


a was not the first to attempt 
wind-tunnel flutter testing a complete aircraft model at 
transonic speeds, but they were, fortunately, the first 
to do so successfully. The testing was not, however, 
without mishaps which included the complete loss of 
the first such model, due not to flutter but to the failure 
of one part on the supporting sting. I will first supply 
the reader with the background of this project before 
launching into the test itself. 


Considerations in the Use of a Wind-Tunnel Model 


It is known to those familiar with the flutter problems 
associated with transonic speeds that there are no 
analyses available to predict accurately the flutter be- 
havior of aircraft in this speed range. This results 
from the unsteady flow characteristics which exist near 
the speed of sound. Prior to the existence of a shock 
wave and subsequent to its appearance, analysis yields 
reasonably good agreement with experimental results. 
This situation naturally leads the aeroelastician to look 
elsewhere for some means to predict the transonic 
flutter characteristics of an aircraft. The most obvious 
is the use of a wind-tunnel model. There are many 
drawbacks to this apparent panacea for the flutter 
analyst, including: 

(1) Difficulty of defining precisely full-scale charac- 
teristics to be modeled. 

(2) Small size of model, dependent upon wind tunnel 
to be used. 

(3) Scarcity of tunnels having high dynamic pres- 
sures available in the transonic speed range and tunnels 
which also permit using reasonably sized models. 

(4) Long lead time from initiating project to obtain- 
ing test results. 

(5) High cost of precise models which is aggravated 
by the strong possibility of losing the model before the 
tests are completed. 

(6) Fitting instrumentation into such models to pro- 
vide needed data. 


Mr. Mac Lellan was awarded a Bachelor of 
Science degree in Aeronautical Engineering by 
the University of Michigan in 1950 and has 
done graduate study in the field of mathe- 
matics and dynamics. He has been employed 
by Convair (San Diego) since his graduation 
from the University. His responsibilities in- 
clude direction of all work associated with 
flutter models; solution of dynamic problems 
associated with aerodynamic and nonaero- 
dynamic airframes; and development of inte- 
grated instrumentation, check-out, and re- 
cording systems for experimental tests of 
dynamical systems. 


(7) Establishing that the model satisfactorily dupli- 
cates the important full-scale characteristics as desired. 

(8) Operation of model and/or wind tunnel. 

A great deal of work has been done in testing of air- 
plane components such as wing, vertical tail, and hori- 
zontal tail. These tests have always suffered from cer- 
tain shortcomings: 

(1) Neglect of the elastic and aerodynamic effects of 
other portions of the aircraft on the item in question. 

(2) The antisymmetric modes of a wing or horizontal 
tail must be neglected when a semispan model is 
utilized. 

(3) The influence of the airplane’s rigid body modes 
are neglected. 


Selection of a Model 


During initial planning, a number of component 
models were considered. The major deterrents to these 
plans included not only the three noted above, but also 
the long lead time as noted earlier and the difficulty of 
deciding which characteristics should be modeled; the 
effect of the airplane’s rigid body modes—although not 
a deciding factor—were a consideration in the decision 
since they were near the structural frequencies of the 
airplane. 

In view of the facts noted above, and since this was 
Convair’s first experience in transonic swept-wing air- 
planes, it was decided that a complete airplane model 
should be employed to investigate the flutter charac- 
teristics of the airplane. The tunnel chosen was the 
Southern California Cooperative Wind Tunnel (CWT) 
which has a transonic test section measuring 7.5 ft. by 
9.75 ft. This dictated the model size as 1/20th that of 
the full scale to preclude adverse aerodynamic effects of 
excessive blockage of the test section. Since the maxi- 
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1/20th sccle 880 flutter model mounted for test in CWT transonic 
test section. 


Fig. 2. Partially completed fuselage showing wood and aluminum bulk- 
heads and aluminum stringers. 


rr 


Fig. 4. Stabilizer prior to final assembly in baking mold. 


Fig. 3. Structural detail and instrumentation on the engine pod-pylon. 


Fig. 6. Vertical tail after final skin bonding on fin. 


Fig. 5. Vertical fin and rudder showing aerodynamic balance board 
simulation. 
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mum dynamic pressure which can be developed by the 
CWT at the Convair 880’s limit dive speed corresponds 
closely to the limit dynamic pressure of the airplane, 
it was necessary that the ratio of airplane flight air 
density to model flight air density be unity. This ratio 
of unity imposes an extreme problem to the designer 
which will be elaborated upon later. It was further 
decided that the model should be sting-mounted with a 
model-sting attachment resembling a ball joint, permit- 
ting all rotary degrees of freedom, within set limits. 
The vertical and lateral rigid body degrees of freedom 
were simulated by appropriate design of the sting. The 
initial model is shown in Fig. 1 mounted in the test sec- 
tion of CWT prior to test. 
The model’s design parameters are 


Reduced frequency = (bw/v)modet/(bw/V) seale = 1 

Mass ratio = (m/pb*)modei/(m/pb*)tun seale = 1 

Density ratio = Pmodet/ Pfull scale = 1 

Velocity ratio = Vmodei/Vfull scale assumed = 1—i.e., 
temperature variation is neglected 

Scale ratio = Dmode1/Dtuti scale = 1/20 


where 6 = characteristic length, w = structural fre- 
quency, and m = mass of model or full scale. 

The design of the model was ‘“‘slightly”’ simplified by 
the fact that the skins and integral stringers of the full 
scale were scaled to model size and chemically etched 
from magnesium. Magnesium was used instead of 
aluminum on the airplane since its modulus or elasticity 
is 0.65 that of aluminum, thereby permitting the use of 
a thicker skin to obtain the same EJ and GJ. This 
can be shown by considering the mass, spring constant, 
and frequency relationship: 


w, = k,/m for bending 
or = k,/I for torsion 
where k, = bending spring constant, k; = torsion 
spring constant, and J = mass moment of inertia. 
Since ky = EI, and k, = GJ 
~ and J = Iw,?/G 


where J, = area moment of inertia, J = polar moment 
of inertia, E = Young’s modulus, and G = shear 
modulus. 

Therefore, for requirements of a given mass and fre- 
quency, the area moment of inertia (and thereby the 
skin gage) may be increased if the E and G are de- 
creased. This is particularly true on the Convair 880 
since it is designed with most of its strength in the skin 
to preclude fatigue problems. The use of magnesium 
for the model’s primary structure became necessary be- 
Cause the use of aluminum would result in material 
so thin as to be impractical to work with. 


Figs. 2 through 6 indicate typical model construction. 
The assembly of the model utilized adhesives of a modi- 
fied epoxy type. Prior experience had indicated epoxies 
per se to be prone to fatigue failure due to brittleness 
after cure. The adhesive used had some resilience, 
which was detrimental in a minor way relative to creep 
but was advantageous in permitting long fatigue life. 


The construction techniques are much like those of the 
full scale, including utilization of extensive jigs and 
tooling. 

Caution had to be exercised in the application of ad- 
hesives because of the close tolerance on weight. ” Since 
the 880, like other commercial craft, is designed to a 
low load factor and the structure is extremely efficient, 
it is necessary to duplicate the airplane structure almost 
exactly in order to keep the weight as low as possible. 
In addition to this, it should be remembered that, be- 
cause of the way in which the model was built, a rela- 
tively low strength attachment was all that could be 
obtained since riveting and bolting would be imprac- 
tical. This means the designer would provide more 
area at joints for bonding than is correspondingly pro- 
vided on the airplane. Naturally the weight goes up 
in consequence. To help alleviate the problem, the 
nonstructural portions of the airplane were replaced by 
balsa wood wherever possible on the model. 

It is apparent from Figs. 7 and 8, as well as those pre- 
ceding, that the design task associated with this model 


Fig. 7. Parts for one side of horizontal tail. 


wer 


Fig. 8. Model wing prior to bonding on lower skin. 
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Fig. 9. 


Instrumentation trailer. 


was a formidable one. Many clever and unique design 
developments helped make this model practical: 

(1) Transfer of model drawings onto plates which are 
cut into dies for stamping the many ribs and spar webs. 

(2) Detail layout and transfer of stringer arrangement 
on the skins onto actual construction material for subse- 
quent chemical etching. 

(3) Layout of strain-gage locations and pads for their 
application and wiring route. 

(4) Sting design utilizing pneumatically engaged 
hydraulic damper between model and sting for emer- 
gency use. 

(5) Design of integral fuel tanks to permit use of 
hydraulic fluid to simulate fuel. 

(6) Design of a sting-instrumentation arrangement 
permitting monitoring the pitch, roll, and yaw angles 
of the model relative to the sting. 

(7) Inclusion of a balance system in the model sting 
for visual monitoring of life, side load, pitching moment, 
yawing moment, and rolling moment by the test con- 
ductor. 

(8) Removable, flexure pivot mounted, control sur- 
faces. 

(9) Remotely trimmable horizontal tail simulating 
the action of the full-scale airplane. 

(10) Shock exciter inside fuselage which was pneu- 
matically powered from a remote position. 


instrumentation and Other Features 


The instrumentation problems associated with these 
models were not unlike those encountered in com- 
ponent testing. Primary instrumentation was the 
strain gage with stabilizer position indicated by a slide 
wire potentiometer. The unique feature of instru- 
mentation was the monitor console with indications and 
controls as follows: 

(1) Dials indicating lift force, side force, pitching 
moment, yawing moment, rolling moment, and stabilizer 
position. 

(2) Lights indicating pitch nose up (adjustable contact 
to indicate pitch with respect to the sting of approxi- 
mately 1/2 deg.); pitch nose down, set as above; roll 
40 
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right, set for 1/2-deg. roll from horizontal; roll left, 
set as other roll light; yaw right, set for 1/2-deg. yaw 
from parallel to sting; yaw left, set as other yaw light; 
lock engaged, pitch, roll, and yaw; and lock disengaged, 
pitch, roll, and yaw. 

(3) Controls for stabilizer drive; lock-unlock, pitch, 
roll, and yaw; exciter(s); cameras, cine or TV; and 
provisions for aileron control and sting yaw control. 

In addition to this instrumentation, there were a 
number of other unique items: 


(1) A unit which continuously monitors the signal 
level of 16 channels of strain-gage data. Should any of 
these channels have a signal exceeding a preset level, 
the model-sting lock is automatically engaged and any 
excitation is automatically stopped. Also all the re- 
corders and cameras which may not be operating are 
started. 

(2) A multiplexing unit permitting tape recording of 


up to 100 channels of data and simultaneously 16 chan- | 


nels of oscillograph and twelve channels of direct-writ- 
ing recording (brush). 

(3) A patching system permitting monitoring any of 
six channels on three dual-beam scopes, as well as 
simplified switching of channels to the oscillograph 
and/or brush recorders. 


(4) Remote TV controls and monitors for up to six | 


TV cameras. 

(5) Controls for two electromagnetic excitation sys- 
tems. 

(6) Transformers and power supplies to convert 230: 
volt, 3-phase 60 cycles to (a) 115-volt single-phase 6) 
cycles, (b) 28-volt d.c., and (c) 28-volt 400 cycles. 

(7) Portable developing unit for oscillograph records. 

(8) An intercommunication unit for test director /test 
section/control room coordination. 

All of these units, as well as the equipment trailer in 
which they are housed, are shown in Figs. 9 through 13. 
The trailer has been designed to permit its use in any 
wind tunnel or test site. Only 230-volt, 3-phase 60- 
cycle power needs to be supplied. Sufficient cable 


length is supplied to permit hookup to test section and 
tunnel control room from any reasonable distance. 
Prior to wind-tunnel test, the initial model was vibra- | 
tion tested in a manner similar to that utilized for the | 
full scale. No stiffness measurements were made since | 
no data were available for comparison. The support 
system for the model vibration tests is shown in Fig. 11. 
The suspension frequency is adjustable with inter- 
changeable springs for various model gross weights. 
The shaker system consisted of extremely light coils _ 
bonded to the wing. These coils are settled in concet- | 
tric ring magnets which could be adjusted to any angle 
for support of the coils. Fig. 15 shows these supports. _ 
Of the various systems investigated, this system incot- | 
porated what was considered the optimum of light 
weight of moving mass, larger force, and greater fre 
quency capabilities. The vibration modes were estab- 
lished by using two accelerometers of very light weight | 
(Glennite type AVR 250). It has been found that | 
using crystals such as salt or sand can give erronecus 
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Interior view of instrumentation trailer from front end. 


Fig. 


13. 


Test conductor's station in instrumentation trailer. 


unit. 
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>» 
Fig. 10. Interior view of instrumentation trailer from rear door. Fig. 12. Front of trailer showing tape recorder and multiplexing ee 


Fig. 14. Model support system for vibration testing. 


nodal patterns when compared with those established 
with accelerometers. By utilizing a dual-beam oscillo- 
scope it was possible to adjust the scope signal to be 
identical for the two accelerometers located at one point 
on the model. One accelerometer was then moved to 
various parts of the model and the relative amplitude 
and phase relationship could be determined with respect 
to the signal on the scope. This technique also per- 
mits: 


(1) More precise location of points of phase shift. 

(2) Detection of variation in force output of the 
shaker. 

(3) Determining equal excitation at similar points on 
either side of the model. 


The models are vibration tested just prior to testing 
in the tunnel. 

The model was first tested in the Convair Low Speed 
Wind Tunnel to ensure that no difficulties would be 
encountered in operation of the model once it was 
mounted in the transonic tunnel. This test also per- 
mitted checkout of camera locations for best observation 
and ease of model control. The indicator lights for 
pitch, roll, and yaw were also adjusted at this time. 


“Flying” the Model 


One important factor to consider in the ‘‘flying’’ of 
such a model is the relationship of model mass to aero- 
dynamic lift. The mass varies as the cube of length 
and the lift as the square. This means that one g 
flight requires 1/20th the lift obtained for correspond- 
ing full-scale airplane flight angles. There is also the 
fact to consider that for turbulent air loads the wing 
weight provides a relieving inertia load on the full 
scale which is reduced to 1/20th on the model. Since 
the strength problem is acute and the trim angle is so 
small, it becomes obvious that in the wind tunnel 
“flight”’ is a ticklish proposition. The author can attest 
to this after spending in excess of 100 hours ‘“‘flying”’ 
these models at CWT. Of course, this task is made 
considerably easier by extremely capable operation 
of the wind tunnel at CWT. 
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Fig. 15. Shaker magnet supports. 


The actual tunnel testing was facilitated by the com- 
munications setup seen in Fig. 13. Note that there are 
indicator lights and switches for On Mach number, 
Increasing Mach number or pressure, Decreasing Mach 
number or pressure, On pressure, Tunnel delay, Ready 
to run, Recording, Hold at condition, Emergency stop, 
Wind on, and also an intercom. A similar unit was 
placed in the tunnel control room. 

A typical tunnel run would proceed as follows: 


(1) Test conductor ascertains all is in readiness with 
model, instrumentation, and recorders; then he az- 
nounces ‘Ready to run’ and switches on the appro- 
priate light to eliminate unnecessary repeats and ques- 
tions. At this time the desired Mach number and 
dynamic pressure are requested. 

(2) During the tunnel operating personnel’s count- 
down for start, the switch ‘‘Increasing Mach number” 
is thrown. Also if an immediate start cannot be made, 
the switch “Tunnel delay” is thrown. This permits all 
personnel in the instrumentation trailer to be kept ad- 
vised so that recorders and cameras are not operated 
when not necessary. 

(3) After start, the tunnel operator switches off the 
“Tunnel delay”’ and switches on “Increasing Mach or 
pressure.” After reaching conditions which were re- 
quested, the “Increasing Mach or pressure’’ light is 
switched off, and the ‘On Mach” and “On pressure” 
lights are switched on as these conditions are reached. 

(4) When tunnel conditions are set, the ‘‘Hold at 
condition” light is lit, all the instrumentation are re- 
corded, the ‘‘Recording’”’ lamp is turned on, and the 
tunnel operating personnel record exact tunnel condi- 
tions for future correlation. 

(5) After data are recorded, the ‘“Next Mach’’ and/or 
‘‘Next pressure” lights are turned on by the test con- 
ductor and the above procedure is repeated. 

(6) In the event an emergency situation arises and 1s 
detected by the instrumentation, the “Emergency stop” 
light will be lighted and an immediate tunnel shutdown 
initiated by the tunnel operator. 


During change in Mach number, the loadings on the 
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various surfaces are monitored on the brush recorders. 
The model is trimmed with stabilizer as much as pos- 
sible to keep loading minimized. In the event trim 
changes beyond the stabilizer’s strength capabilities be- 
come necessary, the sting is pitched by the tunnel op- 
erator on request of the test conductor. Certain of 
these trim changes are rather abrupt, and it became 
necessary to stop any changes in tunnel conditions 
until low load trim could be established. 

The loss of the first model occurred when there was 
an unsymmetrical wing trim change which caused the 
model to roll and shear off the roll stop. This roll re- 
sulted in a large lateral load on the sting and subse- 
quently the sting diverged laterally, causing complete 
loss of the model. 

Subsequent models were naturally designed to pre- 
clude such a recurrence. They were, in fact, spring 
suspended on the sting. No further loss of that kind 
was sustained. 


Test Results 


The procedures and techniques developed for these 
tests helped make this type of testing practical and 
useful. The results of these tests gave Convair great 
confidence when the testing of the full-scale airplane 
began. It has been shown that such testing, although 
not inexpensive, can effectively forecast the behavior of 
the full-scale aircraft. Not only were the airplane’s 
flutter characteristics determined, with the exception 
discussed below, but also the various aeroelastic trim 


+ 


changes and ‘‘Mach buffet” were very similar to those 
encountered on the full-scale airplane. 

A change in fin design of the full-scale airplane was 
made subsequent to model construction. As a result 
of the high rate of design and production, it was not 
possible to incorporate the redesign in a new model and 
determine the ramifications of the change on airplane 
flutter stability in the wind tunnel prior to full-scale 
flight. It was, therefore, necessary to investigate the 
new fin-rudder configuration during flight test. During 
these tests Convair learned, as have the other jet trans- 
port manufacturers, that the use of a manual control 
system on a near-sonic-speed airplane involves con- 
siderable risk during flight test to determine flutter 
stability boundaries of nonproduction configurations. 
It was during one of these tests that flutter was en- 
countered on the vertical tail, resulting in loss of a por- 
tion of the fin and rudder tip. This incident, although 
undesirable, has permitted Convair to establish with a 
certainty that a similar incident cannot occur on pro- 
duction airplanes which will be flown in airline service. 
The present fail-safe design philosophy of commercial 
airframe manufacturers in general precludes the pres- 
ence in airline service of such configurations on any air- 
craft designed and built in this country. 

In conclusion, the models ‘‘flown’’ in the tunnel 
indicated a smooth-flying, safe, and comfortable air- 
plane which we may look forward to enjoying in the 
near future when the 880 goes into regular airline 
service. 


Papers Now Available—New Frontiers for Aviation 
1959 National Midwestern Meeting, Nov. 2-4, 1959 


59-148 Present and Future Air Potentialities in Fire Fighting, Resource Management and Protection—C. Ferris 
59-149 Present and Near-Future Use of Aircraft in Agriculture—Fred E. Weick 


IAS Member Price—$0.50 each 
Order by number from: Special Publications Dept., IAS, 2 E. 64 St., New York 21, N.Y. 


Nonmember Price—$1.00 each 
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Maximum-Effort - Minimum-Support 


Simulated Space Flights 


How many hours can human reliability be extended? 


George T. Hauty 
USAF Aerospace Medical Center (ATC) 


= THE orbital flight of advanced 
weapons systems will represent a drastic departure 
from present flight durations, it is reasonable to pre- 
sume that a substantial degree of this difference will be 
reflected in the requirements for human reliability. 
This, at least, has been the presumption underlying 
much of our biomedical experimentation, including the 
investigations to be reported. In these, subjects were 
committed to the SAM one-man space cabin simulator 
for a maximum effort flight which encompassed a 24- 
hour or physiological day. The data reveal the joint 
effects of sustained work and circadian periodicity 
upon human reliability, magnitude of difference be- 
tween individuals drawn from nonpilot and pilot popu- 
lations, and differential decline in reliability attributable 
to different task requirements. 


Cabin Characteristics 


The first characteristic of the one-man space cabin 
simulator deserving of mention is that of mobility 
restriction, illustrated by Fig. 1. As can be seen, the 
approximately 50 cu.ft. of space available to the sub- 
ject limits him to his seat. In addition to this degree 
of physical confinement, subject is denied visual access 
to the outside, and whatever noise may be transmitted, 
airborne or by connecting pipelines, is effectively 
damped by a constant internal noise level of approxi- 
mately 84 db. With essentially one exception, the 
environmental conditions of chamber pressure, tem- 
perature, humidity, and the partial pressure of oxygen 
are automatically controlled permitting the subject to 
devote nearly all of his attention to his operator task. 
In the case of pCO», subject is merely required to 
exchange absorbent canisters. Continuous observa- 
tion of the subject by ground personnel is permitted 
by a closed-circuit television system. Accordingly, 
a log of subject’s activities and other significant events 
is maintained throughout the flight. 
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Dr. Hauty (M.A., Stanford University; Ph.D, 
University of Rochester) is an Associate Pro. 
fessor of Experimental Psychology in the De. 
partment of Space Medicine, School of Avio- 
tion Medicine, Aerospace Medical Center, 
Brooks AFB, Texas. Following a year as Re- 
search Associate at the University of Rochester, 
he joined the Department of Psychology, 
School of Aviation Medicine, in 1951, and in 
1957 was assigned to the Department of 
Space Medicine. During the past 3 years, he 
has been investigating the effects upon human 
reliability of conditions unique to manned 
space operations. 


A second closed-circuit television system provides 
for the presentation of the operator task to be per- 
formed by the subject. The display and associated 
control consoles are shown in Fig. 2. 

The tasks required of the subject involve the func- 
tions of spatial discrimination, perceptual judgment, 
vigilance, and problem-solving. Proficiency with which 


Fig. 1. Interior of SAM one-man space cabin simulator. 
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Fig. 2. Operator system and command panel. 


these functions are executed is electrically recorded 
in terms of time—that is, the time required to solve a 
problem, to detect the departure of an indicator from 
its null position, etc.—and also in terms of the number 
of errors committed. 

Prior to his simulated flight, the subject was given 
instructions and training on the operation and control 
of the life-support systems required for prolonged simu- 
lated flight and practice with the operator system; he 
was also briefed on the nature of the flight profile and its 
practical implications. Essentially, the flight consisted 
of two phases—6 hours of simulated pad time, followed 
by a simulated flight of 30 hours’ duration. In the 
case of the former, subject entered the chamber at 
either OSO0 or 2400 hours and, with the exception of 
occasional check-outs of instruments and procedures, 
devoted most of the 6 hours to sleep, reading, or rest. 
Immediately following this, ascent was made to a simu- 
lated 18 M ft. altitude and subject was committed to 
the activated operator system. 


The Flight 


The pertinent requirements and conditions of the 
flight itself were as follows: 

(1) Subject was required to perform the task pro- 
vided by the operator system for the entire duration 
of the flight. Remaining awake was to be exclusively 
his problem in that no attempt would be made by the 
ground crews to waken him. 

(2) At 90-min. intervals, which were to be timed by 
the subject, a transit report was required. This con- 
sisted of verbally reporting chamber temperatures, 
oral temperature, hygrometer reading, and any com- 
ments that subject might wish, and in fact was initially 
encouraged, to volunteer. The amount of time per- 
mitted for such reporting was 10 min. With the ex- 
ception of these reports, radio silence was to have been 
maintained by ground crews. Failures did occur but 
only when seriously stressful experiences necessitated 
Teassuring support. 

Throughout the flight, periodic recordings were made 


of the environmental conditions of chamber pressure, 
temperature, and humidity, and the partial pressures 
of O: and COs. In addition to these and the objective 
appraisal of operator proficiency, heart rate and respira- 
tion rate were also recorded periodically. As for the 
other environmental conditions, chamber pressure, as 
has been mentioned, was maintained at about 380-mm. 
Hg, partial pressure of oxygen at 150-mm. Hg, tem- 
perature between 77° and 89°F., and relative humidity 
between 30 and 49 per cent. Since the CO» absorbent 
(lithium hydroxide) was held to a minimum weight 
(3 lbs.), partial pressure of CO: increased gradually as 
the flight continued. When, after 15 to 20 hours of 
flight, the level approached or reached 25-mm. Hg, 
subject was signaled to insert the spare canister of 
absorbent in the flow system. Finally, the food stored 
in the chamber was of minimum amount, approxi- 
mately 940 calories and weighing 350 grams. This 
food, however, was highly nutritious and quite accep- 
table to the subject. The amount of potable water 
was 2 liters. 

From the foregoing, it should be evident that the 
subject was committed to what may be described as a 
maximum-effort - minimum-support simulated flight. 
Immediately following the flight, subject was examined 
and debriefed, then, after a sufficient lapse of time, 
underwent psychiatric evaluation. 
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Fig. 3. Mean proficiency curves of nonpilot subjects. 
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Fig. 4. Individual task proficiency attained by first nonpilot subject. 
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Fig. 5. Mean proficiency curves of pilot subjects. 


Test Results 


Nonpilot Subjects 


The subjects were volunteers drawn from two dis- 
tinctly different populations. The results to be pre- 
sented first are those obtained from the flights of four 
nonpilot subjects. These were volunteers from the 
professional and technical staff of the Department of 
Space Medicine and, as such, were well acquainted with 
the one-man space cabin simulator and the nature of 
previous research conducted with this capability. Fig. 
3 presents the mean proficiency for all tasks for each 
hour of flight achieved by each of the nonpilot subjects. 
As can be seen, two of the flights had to be aborted. 
One subject, after a total of 7 hours in the chamber, 
exhibited a severe claustrophobic reaction and had to 
be taken out. The other subject had to be removed 
after 27 hours of flight because of panic induced by a 
severe and inordinately persistent hallucination. Of 
the two subjects who completed this flight successfully, 
one began his flight at 0600 hours and the other at 1400 
hours. This represents in the course of diurnal metabo- 
lism and concommitant state of alertness an extreme 
temporal difference. With such a difference, we should 
expect to see the typical circadian phase occurring at 
different points on the curves. We do not see this, 
however, which must be attributed to the possibility 
that these two subjects, at least, were able to maintain 
a high state of alertness for an extremely prolonged 
period of time. It will be noted further that, beyond 
20 to 22 hours of flight, proficiency begins to deteriorate 
abruptly and drastically. One additional point of 
interest concerns the marked and transitory decrement 
in proficiency which is seen to occur following 7 or 8 
hours of flight for all three subjects irrespective of time 
of day. What is of specific interest is that these sub- 
jects characteristically work an 8-hour duty day. 

As has been mentioned, the proficiency curves, which 
we have seen, represent the proficiency means of all 
tasks. In this sense, they indicate a composite pro- 
ficiency plotting. Fig. 4 presents the proficiency with 
which each individual task was performed during each 
hour of flight by the first subject. Revealed here is a 
familiar observation—namely, with prolonged effort, 
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performance at different tasks undergoes differentia] 
decline. 
greatest deterioration of proficiency occurred in his 
vigilance task. This consists of simply throwing a 
switch whenever one of three aircraft-type indicators 
creeps beyond its null position. While-this is a simple 
task, the requirement for alertness is quite severe be. 


cause of the slowness with which the indicators drift, | 


Substantial decrement in proficiency also occurs in the 
case of the radar reconnaissance task. For this task, 
as compared with the others, fluctuation of proficiency 
is extreme. This task, in addition to requiring a high 
degree of vigilance because of the minuteness of change, 


also requires perceptual judgment for the detection or | 


determination of match between scope presentation 
and the referent itself. For the other task, discrimina- 
tion and problem-solving, where the events are sig- 
naled by lights which are very gross cues, deterioration 
of proficiency is relatively much less. These obser- 
vations are generally characteristic of most subjects 
that have been committed to prolonged simulated 
flights in the chamber concerned. 


Jet Pilots 


In marked contrast to the proficiency of the nonpilot 
subjects are the curves obtained from the volunteers 
who were drawn from a population of highly experienced 


oe SIMULATED 30 HOUR SPACE FLIGHT NR. 1 PILOT POPULATION 


PROFICIENCY (MEAN TIME - SECONDS ) 


\] 
— — VIGILANCE \ 
RADAR | / 
4000}—-— -0g00 = 1400 00-2000 2 | 
4500 + + + + — + + 4 
TIME-400 1600. 1600 2000. 2000 2400 0200 0400 0600. 0800 1000 1000 140) 
123.456 78 91M 12 13:4 G 19 20 21 22 23 24 25 26 
CONSECUTIVE HOURS 
Fig. 6. Individual task proficiency attained by first pilot subject. 


SIMULATED 30 HOUR SPACE FLIGHT NR. 2 PILOT POPULATION 


TIME 


DISCRIMINATION 
PROBLEM SOLVING 


JENCY (MEAN 


3009 ———— VIGILANCE 


PROF IC 


350 


PRELAUNCH FLIGHT 
E- 2400 - 0600 0600- 1200 DAY 2 


= 


45.6 7 9 12 13 14 15.6 17 18 19 20 21 2 23 24 25 26 27 
CONSECUTIVE HOURS 


Fig. 7. Individual task proficiency attained by second pilot subject. 
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jet pilots presently on active tactical duty. These 
curves, which are shown in Fig. 5, reveal interesting 
differences between flights which began at 1400 hours 


and those beginning at 0600 hours. In the case of the 
former, a rough approximation to the normal circadian 
phase is evident—that is to say, the most abrupt and 
greatest decrement in proficiency occurs during that 
period of local time which these subjects usually devote 
to sleep. With recovery, as it were, from diurnal 
variation, proficiency returns to, or nearly to, previous 
levels and continues at these levels for the remaining 
10 or 12 hours of flight. In the case of the flights be- 
ginning at 0600 hours, proficiency appears to be main- 
tained at relatively high levels throughout the period 
of local time typically devoted to sleep. Following 
20 to 25 hours of flight, however, both subjects, having 
exhausted their repertoire of techniques for remaining 
awake, fell asleep for appreciable periods of time. 


Fig. 6 is shown for the purpose of indicating how pro- 
ficiently the first pilot subject executed the different 
tasks required of him. As in the case of the individual 
task proficiency curves that we have seen for the non- 
pilot subject, the vigilance task appears most adversely 
affected by the sustained work required of this subject. 
Interestingly enough, this particular subject did quite 
poorly on his radar reconnaissance task during his pre- 
flight training. At the end of his simulated flight, 
this subject remarked, during his debriefing, that he 
“really got with the radar reconnaissance task”’ through- 
out his flight. His apparent success which could only 
be attained by atypical or disproportionate time- 
sharing was at the expense, however, of his vigilance 
task. The more typical differential decline is illus- 
trated by Fig. 7. Here, decrement in the vigilance 
task is not so great as in the graph just observed, and 
the proficiency with which the radar reconnaissance 
task is executed exhibits the usually observed fluctua- 
tions. 

Before concluding with the presentation of results, 
one more graph should be examined. Fig. 8 is pre- 
sented for the purpose of illustrating why, in appraising 
human behavior, several pertinent indexes are required. 
Note this first build-up in the partial pressure of CO, 
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and the consequent effect upon respiration rate. Now 
let us examine what changes in proficiency might have 
been occasioned by such a substantial increment in 
pCO:. The proficiency curve reveals no change what- 
soever. The conclusion to be drawn, then, is that while 
a build-up of pCO, to about 23-mm. Hg pressure did 
produce the expected physiological changes, concom- 
mitant adverse change did not occur in the case of 
operator reliability. 


Conclusions 


The more general conclusions permitted by the data 
presented can be expressed in the form of cautionary 
considerations for manned space flight in a weapons 
system. Thus, under conditions somewhat similar to 
those of these investigations: 

(1) Human reliability cannot be extended much 
beyond 20 consecutive hours. 

(2) Careful attention must be given to circadian 
periodicity, specifically, the relationships between 
phase, period of operation, and local time. 

(3) Reducing the vigilance loading imposed upon 
the human operator will have the effect of greatly in- 
creasing the reliability of this particular component. 
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“Demands made on flight system for both manned and 
automatic flight . . . have resulted in a certain amount of 
necessary complexity. The pilot... is expected to 
improve materially flight safety and capsule system reliability.” 


Mercury Capsule and Its Flight Systems 


Maxime A. Faget, MIAS, and Robert O. Piland 
NASA Space Task Group (Langley) 


en DESIGN work and de- 
velopment testing on manned, ballistic capsules has 
been under way for a period of roughly 2 years. For 
the past year, the McDonnell Aircraft Corporation and 
National Aeronautics and Space Administration have 
been concerned with the detailed design and the develop- 
ment testing of the Mercury capsule. The purpose of 
this paper is to give a fairly detailed description of the 
capsule and its various on-board systems. 


Objectives, Principles, and Methods 


Before considering the Mercury capsule, it would be 
worth while to review the basis upon which the Mer- 
cury project was started. This is done in Table 1 
which shows a checklist that has been in use since the 
initiation of the project. The basic objectives of Proj- 
ect Mercury are orbital flight and recovery of a manned 
vehicle and the studying of man’s capabilities in the 
environment of the flight. The basic principles fol- 
lowed in getting the project under way were to use the 
simplest and most reliable approach, to keep new 
developments to a minimum, and to base the flight-test 
program on a progressive build-up of tests. The 
method adopted to carry this out was to use a ballistic 
re-entry vehicle, an existing ICBM booster for pro- 
pulsion, retrorockets to initiate descent from orbit, and 
parachutes as a landing system. Finally, it was 
decided to provide complete escape capability during 
the boosted portion of the flight since it was recognized 
that the boosters would not be completely reliable. 


Design Environment and Requirements 


Although the Mercury capsule is based on the simple 
ballistic re-entry approach, one need only consider the 
extreme flight environment and the mission require- 
ments to perceive that the design of the capsule and the 
various on-board flight systems involves a certain 
amount of complexity. These primary design con- 
siderations are listed in Table 2. During the flight, the 
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capsule first must undergo the noise and vibration 
associated with large rocket-powered boosters and then 
must be able to exist for an extended period of time 
orbiting in space, including the retrorocket firing period. 
The re-entry flight involves a combination of heating 
rates and duration which is unique and quite severe. 
The return from orbit includes a wide spectrum of flight 
speeds and altitudes, a period of parachute descent and 
finally impact. Subsequent to landing, the capsule 
must continue to remain operative and aid recovery 
forces in the pickup. This final environmental condi- 
tion will most likely be afloat on the high seas; how- 
ever, the conditions following ground impact must 
also be considered. 


Table 1. Project Mercury 


Objectives 

(1) Orbital flight and recovery 

(2) Man’s capabilities in environment 
Basic principles 

(1) Simplest and most reliable approach 

(2) Minimum of new developments 

(3) Progressive build-up of tests 
Method 

(1) Drag vehicle 

(2) ICBM booster 

(3) Retrorocket 

(4) Parachute descent 

(5) Escape system 
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While operating in the above-mentioned environ- 
ment, the capsule must, of course, provide the astronaut 
with a livable environment. Excessive accelerations 
are to be avoided during boost, re-entry, and at impact. 
As previously mentioned, the capsule must have a com- 
plete escape capability during powered flight. It is 
desired that the capsule have communications capa- 
bility with the ground stations during the whole flight 
profile. In addition to the other requirements, the 
capsule must operate as a fully automatic system for a 
number of flights before the pilot is introduced into the 
system; however, when the pilot does fly, it is desired 
to give the pilot capability for control of the flight. It 
might be remarked here that the pilot adds a great deal 
of reliability to the various flight systems and that the 
capsule reliability and safety are certainly greater when 
the pilot is aboard. 


Capsule and Escape System Configuration 


Fig. 1 shows the capsule and escape rocket configura- 
tion. The capsule re-enters with the blunt end for- 
ward. This end is protected by a heat shield made of 
fiberglass. On the afterbody, heat is dissipated by 
radiation. This portion of the capsule is covered with 
metal shingles made of cobalt alloy. These over- 
lapping shingles are corrugated for stiffness and are 
about 0.010-in. thick. Underneath the outer structure 
is a pressure vessel made of two thicknesses of 0.010-in. 
titanium. 

Also shown in this figure is the retro package. This 
tetro package contains the three retrorocket motors and 
the three posigrade rocket motors. The posigrade 
motors, which are the smaller, are fired at burnout of 
the booster and are used to effect separation with a 
velocity increment of about 20 fps. 

The retrograde motors, which are fired in sequence, 
provide a velocity increment of about 500 fps and are 
used to bring the capsule out of orbit. The firing of the 


retrograde motors is interlocked with an attitude gate of 
+16° from the desired retrograde attitude. If the 
capsule attitude drifts out of this gate, the firing se- 
quence is terminated until the attitude is corrected, 
thereby preventing a disastrous expenditure 6f the 
remaining rockets. 

The escape rocket is shown mounted on a tripod 
which in turn is connected to the capsule by a Marmon 
band. This rocket provides a large total impulse to pro- 
vide rapidly an adequate separation distance in case of 
a booster failure. If the booster fails on the pad, the 
rocket will lift the capsule to an altitude sufficient to 
allow deployment of the parachute. During flight in 
the atmosphere, the capsule escape rocket has a suffi- 
cient thrust-to-drag margin to separate the capsule from 
the booster. By jettisoning the escape rocket and tower 
after Atlas staging, while the velocity is still relatively 


low, only a small penalty is paid for this rather heavy 
system. 


Booster Escape Initiation 


Table 3 outlines the methods by which escape from 
the booster can be initiated. Essentially, this can be 
done by the pilot, by the ground crew, or automatically 
by the booster itself. The pilot may initiate an escape 
by twisting his left-hand grip. The test conductor in the 
blockhouse can initiate an escape through a hard line to 
the booster. Also, an escape can be initiated through a 
command link after lift off. The booster itself auto- 
matically initiates an escape if trouble is sensed in any 
of the critical booster systems. Both the Atlas and 
Redstone boosters have abort-sensing systems. Both 
these systems are based on sensing the least number of 
quantities that will indicate all possible types of 
impending failure. Detailed analysis of past booster 
development problems show that the booster abort- 
sensing system will initiate an escape at least several 
seconds before a catastrophic failure. 


Table 2. Design Environment and Requirements 


Environment and conditions 
Booster-powered flight 
Extended orbital flight 
Exit from orbit 
Re-entry flight 
Landing and impact 
Postlanding 

Requirements 
Support human life 
Avoid excessive accelerations 
Escape capability 
Maintain communications 
Fully automatic system with pilot override 


Table 3. Booster Escape Initiation 


Capsule-pilot control 
Booster-automatic failure sensing 
Attitude and rate 
Engine chamber pressure 
Propellant tank pressure 
Electrical power loss 
Ground-test conductor control—hardware 
flight monitor control—R.F. link 
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Fig. 2. Mercury-Atlas mission sequence. 


Mercury-Atlas Mission Sequence 


The flight events during the mission are controlled 
by a sequencer in the capsule. Fig. 2 presents impor- 
tant flight events for the normal mission and the sequence 
of events that would take place in the case of an abort 
either before or after booster staging. The middle 
column of Fig. 2 indicates the sequence of events for a 
normal mission. The mission is initiated by a firing 
signal from the blockhouse, once the pilot has indicated 
his readiness for the mission by closing the switch which 
lights the pilot-ready light in the blockhouse. Shortly 
after booster staging, the escape tower is jettisoned 
since its high impulse is not required for escape outside 
the sensible atmosphere. When orbital velocity is at- 
tained and the sustainer is cut off, the posigrade rockets 
are fired accomplishing capsule separation. The cap- 
sule autopilot then controls the capsule attitude 
through a series of maneuvers terminating with re-entry 
after the retrorockets are fired. These will be dis- 
cussed in detail in later sections. At 10,000 ft., the 
main parachute is deployed, and, upon impact, recovery 
aids are put into operation. The reserve parachute is 
used only in the event of main parachute failure. 

The left-hand column of Fig. 2 shows the series of 
events which will occur when an abort is initiated prior 
to booster staging. This would be an abort employing 
the escape rocket. In the right-hand column is shown 
the sequence of events that would take place if the 
flight were aborted after booster staging, but prior to 
sustainer cutoff. In this type of abort, the impact 
area could extend over several thousand miles. There- 
ce fore, a desirable impact area is selected by range moni- 
ee tors, and the flight is controlled by the time at which the 
retrorockets are fired. 

The events shown on this chart are only the major 
ones and represent only a small portion of the actual 
number of events. Sequencing is carried out electri- 
cally by a combination of timers, sensors, and barostats. 
The most important of these is the retrograde firing 
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timer, which is called the satellite clock. This timer is 
preset prior to launching but may be corrected during 
orbit, through radio command by the range monitors or 
manually by the astronaut. 


Capsule Internal Arrangement 


The internal arrangement of the capsule is shown in 
Fig. 3. The pilot is supported in the capsule in such a 
manner that, when the capsule is in the orbital attitude, 
he is sitting upright facing aft. In his right hand is the 
three-axis side-arm controller used for attitude control. 
His left-hand grip is the abort-initiation switch. 
Directly in front of the pilot is the instrument panel and 
the periscope display. 

Details on this and other equipment will be discussed 
in the remainder of the paper. With this layout, the 
pilot has about the same amount of room found in a 
typical fighter cockpit. To each side of the pilot are 
equipment bays. The main and reserve parachutes are 
stored in the cylindrical afterbody, and the two infrared 
horizon-scanner units are located in the truncated cone 
section at the very end of the capsule. Fig. 3 illus- 
trates the large number of separate items needed aloft 
to carry out the Mercury mission. 


Environmental Control System 


Fig. 4 shows a schema of the environmental control 
system. This system is used to provide the pilot witha 
suitable atmosphere and to cool the various equipment 
in the capsule. There are two control loops—the cabin 
circuit and the suit circuit. The cabin circuit provides 
cabin cooling. The suit circuit not only cools the air but 
removes odors, COs, and HO, and replenishes the oxy- 
gen that the pilot has used. While aloft, the Mercury 
astronaut breathes a pure oxygen atmosphere at 5 psi. 
He wears a full pressure suit which remains deflated 
unless there is a pressure failure in the cabin, which is 
also kept at 5 psi. In the suit circuit, odors are re- 
moved by an activated charcoal bed; the CO, is re- 
moved with lithium hydroxide; the air is cooled in the 
heat exchanger. Downstream of the heat exchanger, 
water condensed from the air is caught with a vinyl 
sponge which is squeezed out periodically into a con- 


Fig. 3. Capsule internal arrangement. 
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Fig. 4. The Mercury environmental control system. 


densate container. Water is used as a coolant for both 
the suit and the cabin circuits. 


Attitude Control System 


Table 4 outlines the attitude control system which is 
used in the Project Mercury capsule. Attitude can be 
controlled either by a completely automatic system or 
by a manual system. thrust chambers are used to 
provide correcting moments in both systems. There 
are two separate H2O: systems provided, one for manual 
control and one for automatic control. 

The autopilot used for automatic control consists of 
two attitude gyros, three rate gyros, and logic and pro- 
grairing circuits. During the flight, the vertical gyro 
is erected by the infrared horizon scanners. Erection is 
programed every 10 min. The vertical gyro is also 
constantly precessed in pitch to match capsule’s rota- 
tion about the earth. The directional gyro is also 
erected at the same time as the vertical gyro. This is 
done essentially by aligning the gyro axis to eliminate 
apparent precession due to yaw error as the capsule 
rotates in pitch as it circles the earth. 

H,0, thrust chambers used in the automatic system 
are controlled by solenoid valves. In order to conserve 
fuel, two sets of thrust chambers were needed. For 
pitch and yaw, 24- and 1-lb. thrust units are used. 
For roll, 6- and 1-lb. units are used. 

The manual control system has another complete 
set of thrust chambers which are throttleable. These 
are rated at 24 Ibs. thrust for pitch and yaw and 6 lbs. 
thrust for roll. Each chamber can be operated through 
either a solenoid valve or a mechanical valve, depending 
on the method by which the pilot is using his control 
system. The primary method is a rate command sys- 
tem in which the pilot can, through his right-hand con- 
troller, command the rate of rotation in either of the 
three axes. In this system, the solenoid valves provide 
on-off control. Rate input is obtained from an addi- 
tional set of rate gyros. In the event of an electrical 
failure, the pilot can elect to operate the same control 
system directly through mechanical linkages using the 

mechanical valves which are proportional. Analog 
studies have shown that control through the mechanical 


systems will be much more difficult, particularly during 
retrorocket firing when it is expected that large up- 
setting moments may develop. The pilot may, as a 
third alternative, control the thrust chambers of the 
automatic control system through electric switches on 
his controller. In this case, he would have neither pro- 
portional control nor rate input. 


Automatic Control System Modes 


Table 5 outlines the various modes in which the auto- 
matic control system will be operated during an orbital 
flight. First there is the orientation mode. Here 
either high- or low-torque thrust chambers will be used, 
depending on the magnitude of error. If thereisonlya 
small error of attitude and rate, low-torque thrust 
chambers are used. At greater errors, the high-torque 
thrust chambers are activated. The retrograde mode 
differs from the orientation mode in that only the high- 
torque thrust chambers are used. They are activated 
at the same error which would have activated a low- 
torque thrust chamber in the orientation mode. Thus 
the retrograde mode provides a much tighter control 
which is necessary to overcome the upsetting moments 
of the retrograde rockets. 

In the orbit mode, a different type of control logic is 
used and only attitude sense is required. In this case, 
small calibrated pulses of thrust are used. This results 
in a long-period, lazy motion which will conserve the 
hydrogen peroxide propellant. 

The damping mode is the same as the orientation 
mode, except that the attitude sense is cut out. During 
a normal mission, the automatic control system will be 
sequenced as follows. Immediately after separation, 
the automatic control system is in the damping mode 
for a period of about 5 sec. Then it is shifted to the 
orientation mode, while the capsule is rotated 180° in 
yaw and is pitched up 34° into the retrorocket firing 
attitude. The capsule remains in this attitude for a 


Table 4. Attitude Control System 


Automatic control system 
Several modes of operation 
Gyros erected by horizon scanners 
Solenoid valve control 
High- and low-thrust chambers 
Manual control system 
Rate command system (solenoid valves) 
Direct mechanical linkage (proportional valves) 
Pilot control of automatic system thrust chamber 
H.O2 thrust chambers 
Separate systems for manual and automatic control 


Table 5. Automatic Control System Modes 


Orientation mode 
High- and low-torque thrust chambers 
Attitude and rate sense 

Retrograde mode 
High-torque thrust chamber only 
Attitude and rate sense 

Orbit mode 
Low-torque thrust chamber only 
Attitude sense only 
About 3-min. period 

Damping mode 
Low- and high-torque thrust chambers 
Rate sense only 
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Table 6. Communication Systems 


Two-way UHF voice 

Two-way HF voice 

Telemetry (UHF) 
High frequency—imay be keyed by pilot 
Low frequency 

Two command receivers 
(Ground to capsule voice capability ) 

C-band radar 

S-band radar 

Recovery beacon—UHF/VHF 
(SARAH/SEA-SAVE) 

Emergency UHF/HF two-way voice 


period of about 5 min. This is done so that the rockets 
may be fired quickly in the event it is determined by the 
range monitors that the capsule is not in a suitable 
orbit. At the end of this time, the capsule will be 
oriented to the orbital attitude, which is 14° nose up. 
This is the attitude which places the periscope axis nor- 
mal to the earth. 

After the capsule settles into the orbital attitude, the 
automatic control system is shifted to the orbit mode 
and remains in this mode until it is time for retrograde 
maneuver. At this time, the attitude control system 
shifts to the orientation mode and reorients the capsule 
to the retrograde attitude. It is then shifted to the 
retrograde mode while the retrograde rockets are fired. 
It is shifted again into the orientation mode and 
reorients the capsule to the re-entry attitude which is 
1'/2° nose down. It remains in the orientation mode 
until entry into the atmosphere is sensed by a '/2th g 
acceleration switch. The automatic control system is 
then shifted into the damping mode and remains in the 
damping mode until the main parachute is deployed. 
At this time, the remaining hydrogen peroxide is 
jettisoned through the pitch and yaw thrust chambers. 


Communication Systems 


The various communication systems carried on the 
Mercury capsule are outlined in Table 6. Both UHF 
and HF frequencies are used for voice communications. 
These voice links are operated simultaneously. There 
are also two telemetry links, both in the UHF band, but 
one at a higher frequency than the other. As a backup 
to the voice communication, the high-frequency telem- 
etry link may be keyed by the pilot. There are two 
identical command receivers, both operating on the 
same frequency carried on the Mercury capsule, through 
which three functions may be initiated from the ground 
—namely, resetting the retrotimer, firing the retro- 
rockets, and aborting the mission. The command re- 
ceivers can also receive voice communication, and this 
will be done simultaneously with the UHF and HF 
links when the capsule is in range of the command 
transmitter. 

The Mercury network uses both C- and S-band radars 
and consequently both C- and S-band radar beacons 
are carried aboard the capsule. As an aid to search and 
recovery, a combination of the SARAH and SEA- 
SAVE beacon is carried on the capsule and is activated 
after the main parachute is deployed. In addition to 
the above equipment, there is a completely separate 
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emergency two-way voice system consisting of UHF 
and HF transceivers. 

While in orbit, all communication links, with the 
exception of the radar beacons, are multiplexed onto a 
common discone antenna located in the truncated cone 
at the rear of the capsule. This portion of the capsule, 
called the antenna section, is jettisoned at deployment 
of the parachute. At this time, the UHF links are 
transferred to a monopole antenna which is directly in 
back of the cylindrical portion of the capsule. Upon 
contact with the water, the parachute is jettisoned and 
an HF antenna is deployed by a helium-filled balloon. 


Power Supply 


The power supply system for the Mercury capsule is 
outlined in Table 7. The capsule uses electrical bat- 
teries as a power source. A.C. is produced by solid- 
state inverters. The battery power is provided in three 
batteries. There is a main battery and an auxiliary 
battery which is isolated from the main battery. These 
two batteries are backed up by a stand-by battery which 
is automatically switched in, in the event of failure of 
either of the other batteries. In a similar manner, 
there is a stand-by inverter which is automatically 
switched in, in the event of failure of either of the regular 
inverters. 


Measurements by Instrumentation 


Table 8 lists the various types of measurements which 
will be made during the orbital and ballistic flights of 
the capsule. These measurements will be telemetered 
to ground tracking stations and also recorded aboard 
the capsule by a tape recorder. The purpose of the 
majority of these measurements is self evident; how- 
ever, it will be worth while to discuss a few of them. In 
the aeromedical area we are measuring the pilot’s EKG, 
his respiration rate and depth, and his deep body 
temperature. On the unmanned flights, the voice 
communication system will be evaluated by trans- 
mitting from the capsule previously tape-recorded con- 
versation and at the same time recording on tape trial 
communications transmitted to the capsule’s receiving 
equipment. Monitoring of the satellite clock which 
fires the retrorockets is a particularly critical piece of 
information which must be telemetered to the range sta- 
tions. Inasmuch as it may be necessary to change the 
setting of the retrofiring time by radio command, it is 
necessary that the ground stations have the capability 
of monitoring the performance of the satellite clock. 


Table 7. Power Supply 


Main battery 
Three 1,500 watt-hour units 
Auxiliary and recovery battery 
One 1,500 watt-hour unit 
Stand-by battery 
Two 1,500 watt-hour units 
Inverters—a.c. power supply 
One 250 va. 
One 150 va. 
Stand-by inverter 
One 250 va. 
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Table 8. Measurements by Instrumentation 


(1) Aeromedical data (7) Temperatures 
(2) Sequence of events (8) Pressures 
(3) Control events (9) Accelerations 
(4) Capsule attitude (10) Sound level and vibra- 
(5) Voice communications— tion level 
evaluation (11) Power supply 
(6) Satellite clock—monitoring 


Table 9. Cameras and Recording 


Cameras 
16 mm.—Pilot, 8,520 frames 
16 mm.—instrument panel, 17,040 frames 
70 mm.—earth and sky, 560 frames 

Tape recorder—8-hour duration 

Cosmic ray film pack 


Cameras and Recording 


Table 9 outlines the cameras and on-board recording 
equipment used in the capsule. There are two 16-mm. 
cameras, which photograph the pilot and the instru- 
ment panel. In addition, there is a 70-mm. camera to 
photograph the horizon through one of the windows of 
the capsule. These cameras not only will film the 
view from the capsule, but will provide useful informa- 
tion on the status of the on-board equipment, the condi- 
tion of the pilot, and the motions of the capsule during 
the mission. There is a multitrack tape recorder in the 
capsule which records various measurements made 
during the flight. In addition, there are several cosmic 
ray film packs located near the pilot’s head. These 
emulsion packages will record intensity and the direc- 
tion of cosmic rays encountered during the orbit. 


Air Cushion for Impact Attenuation 


In order to attenuate to an acceptable level the 
decelerations resulting from impact with the water or 
ground, the capsule will land on an air cushion. This 
air cushion is illustrated in Fig. 5. It is formed by a 
4-ft. skirt made of rubberized fiberglass that connects 
the heat shield and the rest of the capsule. After the 
main parachute is deployed, the heat shield is released 
from the capsule and the bag fills with air. Upon 
impact, the air trapped between the heat shield and the 
capsule is vented through holes in the skirt, as well as 
portions of the capsule which are not completely air 
tight, thereby providing the desired cushioning effect. 


Instrument Panel 


Since the instrument panel provides a summation of 
many of the details previously mentioned, it will be 
used to conclude this paper. The panel is shown in 
Fig. 6. The controls and displays on this panel are 
grouped as to function. The group on the left side has 
various pilot controls such as those concerned with the 
attitude control system and the retrorockets. The two 
large handles are for decompression and repressuriza- 
tion. Decompression would be the method used for 
extinguishing a fire. 

The next group is a sequencing display. This con- 
sists of a series of lights proper in sequence indicating 
Whether the various functions occurred or did not 


Fig. 5. Air cushion for impact attenuation. 


océur at the proper time. The light will come on green 
if the function does indeed occur and red if there is some 
failure in the automatic functioning. The handle just 
to the left of the particular light is the pilot’s control to 
override and correct the failure to function. The light 
at the very top is the abort light which comes on in the 
event an abort is initiated. If the abort does not occur, 
the pilot can abort using his left-hand grip. The switch 
immediately under the abort light is the pilot’s ready 
switch. This switch is used prior to launch to light 
up a ready light on the test conductor’s panel in the 
blockhouse. 

The next series of dials are flight instrumentation. 
These read acceleration, rate of descent, altitude, and 
the fuel supply in the H.O, tanks. The top center of 
the panel is used for attitude display. This combina- 
tion display shows rate and attitude in pitch, roll, and 
yaw. The rate display is in the center, surrounded by 
the attitude displays consisting of three dials. This 
particular display for attitude control was arrived at 
after a number of simulation flights were made with 
various types of displays. The pilot’s control of atti- 
tude will be aided by the periscope which is located in 
the center and below the instrument panel and a window 
which is located directly above the panel. The pilot 
will be able to see the horizon in back of the capsule 
through this window in both the normal orbital atti- 
tude of 14°, as well as the retrofiring attitude of 34°. 

(Continued on page 58) 


Fig. 6. Pilot's panel. 
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“In order to lower core costs, and for other reasons, several 


companies are now designing pebble bed systems for commercial 


power production and breeding.” 


Pebble Bed Nuclear Reactors 


for Space Vehicle Propulsion 


Myron M. Levoy and John J. Newgard, Thiokol Chemical Corporation 


L. APPEARS FEASIBLE to utilize a 
pebble bed nuclear reactor for space vehicle propulsion, 
within certain limitations. A typical nuclear engine 
will be considered and the limitations discussed. 


Background 


Nuclear rockets have been described in the open 
literature for both terrestrial boost and space mis- 
sions.!—* In the work to date, those reactors which 
have been seriously considered utilize reactor configura- 
tions of parallel plates, rods, or solid cylinders containing 
parallel cooling channels. In order that the coolant 
pressure drop be held to reasonable walues, such con- 
figurations are necessary for the high propellant flows 
required in first- or second-stage boost rockets. For 
example, with a hydrogen propellant flow of 960 Ibs./sec., 
a pressure drop across the core of about 700 psi will 
occur in a typical engine using parallel plate fuel ele- 
ments in the reactor core; for the same engine with a 
pebble bed reactor core, the pressure drop is about 
64,000 psi or 100 times greater. These pressures ob- 
viously are prohibitive and consequently parallel plates, 
rods, or the like, must be used. However, such core fuel 
elements are expensive to fabricate compared to pellets, 
and the placement of such fuel elements in the reactor, 
with narrow limits on orientation and spacing, leads to 
high costs of core structural supports as well. In order 
to lower core costs, and for other reasons, several com- 
panies are now designing pebble bed systems for com- 
mercial power production and breeding.’~® 


Propulsion Requirements 


In space vehicle propulsion, lower vehicle gross 
weights and lower acceleration requirements permit use 
of pebble bed reactors. The National Aeronautics and 
Space Administration has predicted a range of payload 
weights which may be launched into a 300 n.m. orbit for 
the next 10 years between 20,000 and 150,000 Ibs., the 


The authors wish to thank Robert Behnke and David Wilson 
for their contributions to the preparation of this paper. 
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former via a Juno V and the latter via Nova. The 
nuclear space vehicles to be discussed are assumed to be 
the payload of the boost rockets, in this case. There- 
fore, the 20 to 150,000 Ib. payload range represents a 
space vehicle gross weight range. Also, for typical 
space missions (i.e., a Mars probe) it has been shown 
that initial accelerations from a 300-mile earth orbit may 
be as low as 0.2 to 0.4g with negligible performance 
loss.° With these limits, for a typical 5 ft. (right 
cylinder) reactor size and an J, of 900 sec., a range of 
hydrogen propellant flows from 9 to 70 Ibs./sec. would 
suffice for nuclear space vehicle requirements for the 
next ten years. 

Fig. 1 shows the relationship of inlet pressure, flow 
rate, and pressure drop for a typical 5 ft. dia. by 5 ft. 
long right cylindrical reactor core with a fractional void 
of 0.39 using hydrogen propellant at an /, of 900 sec. in 
vacuum. It may be seen that flows up to about 20 lbs./ 
sec. are feasible with maximum inlet pressures of 900 or 
1,000 psia. Such pressures are in the upper range of 
conventional chemical space vehicle design. (Ulti- 
mately, it will be necessary to compare the cost of pres- 
sure vessel fabrication and the cost of launching the in- 
creased pressure vessel weight into orbit for pebble bed 
reactors with inlet pressures of 300 to 900 psia and the 


REACTOR CORE PARAMETERS 
5 FT. BY S FT. RT. CIRC. CYLINDER 
= 0.39 PSI, 
GAS INLET TEMPERATURE =-367°F i 
GAS OUTLET TEMPERATURE = 4200°F 


600 PSI 


WWLET PRESSURE 


PRESSURE DROP ACROSS CORE, PS! 


WYDROGEN PROPELLANT FLOWRATE, LB / SEC 


Fig. 1. Variation of pressure drop with propellant flow for a reactor for | 
space vehicle propulsion. 
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core size is possible by increasing the void from 0.39 
(randomly packed spheres) to 0.48 (cubic array), this 


e, flow latter at the expense of a higher concentration and in- 
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A schematic of the overall rocket system is presented 
in Fig. 2.2 Liquid hydrogen at 37°R. is stored in insu- 
lated tanks. As a possible feed scheme, pressurized 
helium passing through flow regulators and heaters 
forces hydrogen from the tank to the propellant turbo- 
pump. The pump, which may bea single-stage centrif- 
ugal type, increases the pressure from about 30 psia 
to 450 psia. From the turbopump, the hydrogen flows 
through control valves (not shown) to the distribution 
Plenum at the nozzle exhaust. It then flows back 
through regenerative cooling passages which constitute 
the nozzle and reactor chamber. The hydrogen passes 
into the reactor entry plenum and flows through the 
4 end reflector. At the exit of the end reflector, the pres- 
_ Sure is about 400 psia. The hydrogen then flows down 
a reactor for 4 the reactor core where its temperature is raised to about 

_ 4,000°F. while the pressure drops to 100 psia due to the 


internal drag and turbulence. The hot gas is then 
ejected through a convergent-divergent nozzle. 

A small fraction of the gas flow passes through the 
lateral reflector and exits at about 1,500°F.- and 150 
psia. This gas is ducted to the turbine of the turbo- 


pump and then exhausted for thrust recovery or vector 
control. 


Reactor Core 


A more detailed schematic of the core is presented in 
Fig. 3. The reactor core is a right cylinder composed of 
graphite spheres impregnated with uranium (designated 
in Fig. 2asC:UC:). In this design, the core is divided 
into three cylindrical compartments by graphite liners 
for the purpose of improved hydrogen flow distribution, 
as discussed below. 

The core is surrounded by a lateral neutron reflector 
of BeO spheres contained in a graphite casing, and also 
an end reflector of BeO spheres. Reactor control is 
attained by means of rotating drums in the reflector.?!! 
The drums consist of BeO surrounded by a stainless 
steel jacket. One-half of the outer surface contains 
boron as a neutron poison. Rotation of these drums 
(there are twelve in all) leads to power control via 
reflection of more or fewer thermal neutrons into the 
core. Full rotation of all drums can give a 6k/k of 
0.03.!' The drums are cooled internally and externally, 
and coolant channels along the borated surfaces re- 
move the heat of the 7,a reaction. 

The entire core and reflector is supported from the 
hot end by a graphite lattice structure and a tungsten 
retention screen which seats on graphite load-carrying 
members as shown. These members are tied into the 
nozzle wall which, in turn, is backed up by a thrust ring 
tied to the rocket skin. The interlocked graphite 
lattice structure can be several feet in depth, and the 
graphite load-carrying members could be beams span- 
ning the nozzle entry, also several feet in depth. Gra- 


Table 1. Design Parameters for a Typical Pebble Bed 
Reactor Space Vehicle 


Vehicle gross weight, 33,300 lbs. 

Propellant weight, 11,000 Ibs. 

Payload weight, 5,800 Ibs. 

Reactor core and reflector weight, 12,000 Ibs. 

Structures, shielding, pump, nozzle weight, 4,000 lbs. 

Tankage weight, 500 Ibs. 

Propellant flow rate, 10 Ibs. /sec. 

Specific impulse, 900 sec. (in vacuum) Ideal 

Thrust, 9,000 Ibs. 

Initial acceleration, 0.3g 

Reactor core size, 5 ft. by 5 ft. right cylinder 

Reactor core void, 0.39 

Fuel elements, Uranium-impregnated graphite pellets, 3 to 0.7 
in. in diameter 

Reflector thickness, 6 in. (BeO pellets of mixed sizes) 

Reflector void fraction, 0.30 

Critical mass 11.4 kg. 

Hydrogen pressure and temperature at core and reflector inlet, 
400 psia; —367°F. 

Hydrogen pressure and temperature at core outlet, 100 psia; 
4,200°F. 

Hydrogen pressure and temperature at reflector outlet, 150 
psia; 1,500°F. 

Vehicle mission, 300 n.m. Earth orbit to Mars probe; Av = 12,000 
ft./sec. neglecting guidance; Hohmann minimum energy 
transfer ellipse 
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Fig. 2. Nuclear rocket schematic. 


phite has been chosen in this application for its relatively 
excellent strength at temperatures in the 4,000°F. to 
4,500°F. range. A detailed stress analysis is in prog- 
ress to determine the feasibility of this support con- 
cept. It should be noted that retention screens are also 
used at the gas exit ports of the reflector. 

The present design utilizes a pressure shell and 
nozzle of parallel tubes of nickel, Inconel X, or a stain- 
less steel shaped to the proper core-nozzle profile. The 
tubes are flattened to permit exit ports from the re- 
flector to pierce the wall. This flattening will pinch the 
upward flow of regenerative hydrogen creating addi- 
tional pressure losses but may lead to easier fabrication 
of the ports. At the core support region, the tubes will 
be backed up by a cooled stainless steel support liner. 
(The load on the support structure of the reactor for a 
typical design is 130,000 Ibs. for a 10g maximum acceler- 
ation assumed in boosting the space vehicle into orbit. 
Internal drag forces occur only after the boost is com- 
pleted, when the vehicle acceleration is in the range of 
0.03 to several g.) 

The core has been compartmented for better flow 
distribution and a flatter gas temperature profile at the 
exit.’ Due to flux buckling in a homogeneously fueled 
core, there is an increasing power density at the core 
center; consequently, flow will tend to channel toward 
the outer periphery of the core. To prevent this, 
differential radial uranium loading would be required to 
flatten the power profile. (However, power flattening 
must not be achieved at the expense of the ability of the 
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reflector drums to provide the reasonably large reac- 
tivity changes anticipated, which might average 0.5 per 
cent in 6k/k per drum.) Also, flow in each compart- 
ment would be “‘orificed’”” by means of the end reflec- 
tor—i.e., the BeO sphere sizes would be appropriately 
varied in each compartment to permit greater flows 
through the high power regions. 

The same technique would be used to reduce the 
flow through the lateral reflector to the required value 
(about 5 per cent of the total flow). In order to main- 
tain a high ratio of solid to total volume in the reflector, 
mixed sphere sizes will be used so that 30 per cent of the 
spheres will have sphere diameters one-fifth that of the 
remaining 70 per cent. In this way, by properly 
choosing the diameter of the spheres (while maintaining 
the 1:5 ratio), the flow rate through the reflector may 
be fixed at the design value.” ” 

Fig. 4 shows the variation of critical mass of the reac- 
tor with reflector thickness and reflector void fraction 
for a 5 ft. by 5 ft. right cylindrical core of uranium 
loaded graphite pellets and 40 per cent void fraction in 
the core. In order to minimize engine weight, it is 
desirable to have as thin a reflector as possible com- 
patible with a low uranium inventory, as shown in Fig. 
4, and a controllable reactor—that is, one with a 
reasonably large average neutron lifetime. In prior 
work with flat plate element cores and solid BeO re- 
flectors with cooling holes, it was found that a 6-in. re- 
flector with 10 per cent void provided a satisfactory 
design.”:'! [Reductions in reflector thickness below 6 in. 
are possible. It is interesting to note that smaller re- 
flector thicknesses (below 6 inches) considerably reduce 
the reactivity perturbing effect of hydrogen density 
changes by shifting the neutron spectrum further into 
the epithermal region.'! This reduction in perturba- 
tion may warrant sacrifices in maximum inventory, 
controllability, and drum excess reactivity control if 
experiments prove the perturbation to be severe, since in 
the highly reflected case (6 in. or more) this might cause 
the reactor to go prompt critical.] Such low voids are 
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Fig. 3. Typical pebble bed reactor for rockets. 
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virtually impossible with pellet beds that may be 
reasonably fabricated since the filling of voids with 
smaller pellets results in new voids requiring still smaller 
pellets, ad infinitum. Therefore, the dual pellet size 
with 1:5 dia. ratio previously mentioned was used. 
The resulting 30 per cent void may be compensated by 
an increase in critical mass of 0.3 kg. The cost of this 
additional U-235 would be relatively negligible. The 
savings in reflector fabrication and structures cost is be- 
lieved to be at least an order of magnitude greater than 
this. 

From Fig. 4, it can be seen that, alternately, com- 
pensation can be achieved by increasing the reflector 
thickness to 6.6 in. In this case however, the cost of 
boosting the increased weight (450 Ibs.) into a 300 n.m. 
orbit would be on the order of $250,000. 

In order to attain a relatively low pressure drop of 
propellant through the reactor core by maximizing 
pellet diameter, the pellet diameters must be varied in 
the axial direction as indicated in Fig. 5, resulting in the 
axial pressure profile of Fig. 6. In actual practice, the 
pellet diameters might be stepped in three or more 
groups as indicated in Fig. 5. In fact, a smaller pellet 
diameter may be necessary in the first group at the cold 
end of the reactor to reduce the pellet-diameter-to- 
eflective-bed-diameter ratio and hence prevent ex- 
cessive wall channelling and large average void fractions 
due to gaps along the walls. 

To fix pellet diameter at the largest permissible value 
at any point in the core, both temperature and thermal 
stress limits must be observed. The thermal stress was 
held to 70 per cent of the reported tensile strengths, !* 
and maximum pellet center temperature was limited to 
4500°F. The resulting maximum and average pellet 
temperatures are shown in Fig. 7. From this, it may 
be seen that the thermal stress limit (at the sphere sur- 


face) was controlling for the first half of the reactor 
length, while the temperature limit controlled for the 


remainder. This pattern of temperature-stress limita- 
tions appears to hold for all reactors consideréd, in- 
cluding flat plate cores for high flow boost vehicles; 
the point where maximum temperature starts con- 
trolling shifts somewhat for different cases, however. 


Conclusions 


Once a design is chosen, such as the one suggested in 
this paper, a number of corrections must be applied to 
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Fig. 5. Pebble diameters in a reactor for space vehicle propulsion. 
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Fig. 6. Axial pressure profile in a reactor for space vehicle propulsion. 
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the first order results for a nonpartitioned core of Figs. 
5-7. Summarizing from all of the above, the corrections 
include: (a) orificing via end reflector pellets or 
orifices, (b) corrections for radial power variation and 
for a more accurate axial power profile than the cosine 
distribution used at present, (c) corrections for discrete 
groups of pellet sizes axially rather than a continuum, 
(d) inlet and exit contraction and expansion losses and 
support screen pressure drop. 
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one requiring more understanding. Thoughts on this 
subject presented here require, as far as the authors are 
concerned, additional confirmation and study to under- 
stand thoroughly the rather complex three-dimensional 
flow about the machine and the effect of the sink on this 
flow. 

It seems evident that the hovering performance of 
the machine is in reasonable agreement: with simple 


Mercury Capsule (Continued from page 53) 


momentum theory. In this respect it should be { 


pointed out that slot velocities are low (between 55 and 
60 ft. /sec.). 

It also seems reasonable from results presented that 
there is good agreement between the shape of the model 
augmentation ratio curve and that of the full-scale 
machine. 


The periscope provides the pilot with a view of the 
earth beneath the capsule. By proper location of the 
earth’s image in the periscope, he can control the atti- 
tude. 

The instrument in the left center is a dead-reckoning 
type of device which consists of a small-scale model of 
the earth, clock-driven to rotate in time with the orbit. 
On the right center is the satellite clock, which in addi- 
tion to firing the retrorockets indicates time of day, the 
lapsed time since launch, and time-to-go for retrorocket 
firing. The pilot is provided with an additional time- 
to-go dial which he may set for any desired event and 
also a separate stop watch. 

The environmental control system display is in the 
upper right-hand portion of the panel. This includes 
such things as- cabin pressure and temperature, suit 
pressure and temperature, and partial pressure of O» 
and COs. Directly beneath this is the power panel 
which monitors the electrical power system, and at the 
bottom are the communication system controls. 
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Further to the right are a series of warning lights 
which will flash on in the event a system failure is 
sensed. To call the pilot’s attention to the warning 
light, an audio alarm will come on simultaneously. 
The audio alarm may be switched off by separate | 
switches for each type of failure. The warning lights, 
on the other hand, will stay on until the failure is cor [ 
rected. A number of critical fuses are located at the 
extreme right of the panel. 


Conclusions 


The Mercury capsule, although quite simple in com f 
cept, must provide the capability for a very difficult J 
mission. The demands made on the flight system for | 
both manned and automatic flight with sufficient back- 
up and redundancy in critical subsystems have resulted d 
in a certain amount of necessary complexity. The § 
pilot can monitor all the critical flight functions and # 
expected to improve materially flight safety and capsule J 
system reliability. 
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RELATIVE VELOCITY 


OF A SERIES 


Intricate vibration studies that determine proper 
engine mounting points help Oldsmobile engineers 
design smooth, balanced Rocket Engine power. 


To tame the explosive fury of the modern high compression 
engine, Oldsmobile engineers have developed highly special- 
ized techniques in the field of vibration studies. The results 
of these studies produce Rocket Engine power that is 
balanced, controlled and exceptionally quiet under nearly 
every operating condition. Vibrations caused by the multitude 
of explosions in the cylinders—4800 per minute at 30 mph— 
are almost imperceptible in the passenger compartment. 


To thoroughly study an engine’s “bending” characteristics, 
in both horizontal and vertical planes, the engine is sus- 
pended from a low spring rate nylon rope that isolates 
external interference. A shaker is used to excite the entire 


OLDSMOBILE > 


SHAKE-DOWN TEST FOR A ROCKET! 


power plant and drive line to find the resonant vibration 
frequencies, generally in the 25 to 55 mph speed range. Then 
intensive analysis of the engine begins. At four inch intervals, 
a transducer in contact with the engine translates movement 
into a reading on an oscilliscope. From this information, a 
displacement curve is plotted showing exactly the ideal locat- 
ing points for the engine mountings—the “‘nodal points”. 


In addition, each engine accessory—generator, air cleaner, 
power steering pump, etc.—is studied so that no undesir- 
able resonant vibrations will occur. 


The quiet power, brilliant performance and solid quality of 
the 1960 Oldsmobile is a tribute to modern technology and 
craftsmanship. There’s never been another car like it! Visit 
your Quality Dealer soon and Quiet-Test Olds for ’60. 


OLDSMOBILE DIVISION @© GENERAL MOTORS CORPORATION 


Where Proven Quality is Standard! 


April 1960 


Aero/Space Engineering 


INCHES 
4 
. 
= 
4 
| 
| 
| 
° 


SERVO-SYSTEMS 


SARGENT 
FACILITIES 


Research 
Design 
Development 
Testing 
Qualifying 


“GOOD WILL” is the disposition of 
the pleased customer to return to the 
place where he has been well treated. 


— U.S. Supreme Court 


FORCE CONTROL 


With 38 years acceptance Sargent builds precision linear and 
rotary hydraulic, pneumatic, mechanical and electronic systems 
of force control to meet successfully the increasingly high require- 
ments of marine, aircraft, missile, petroleum and industrial use. 
From original idea to finished product -SARGENT. 


Manufacturing SARGENT Hydraulic Pumps 
_ BUILDS Hydraulic Motors 


including — 
Pneumatic Cylinders 


Machining & Grinding _ Servo-Systems 


Pneumatic Valves 
Heat Treating, alltypes —§ Hydraulic Systems Ball Screw Actuators 
Plating, all types . io Integrated Packages Gear Actuators 
Inspection _ Hydraulic Actuators Gear Accessory Boxes 
Assembly Hydraulic Valves Electronic Systems 
Handard of Excellence Since 1920 


ENGINEERING CORPORATION 


MAIN OFFICE & PLANT, 2533 E. FIFTY-SIXTH ST. 
HUNTINGTON PARK, CALIF. 
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AERO /SPACE 


... current literature of aeronautical engineering and space technology 


Tus SECTION reviews important period- 
icals, technical and research reports, and 
books received in the IAS Library in order 
to provide basic documentation for engi- 
neers and scientists. 


INTERNATIONAL AERONAUTICAL AB- 
sTRACTs, published as an insert in each 
issue, is an accelerated reviewing service 
covering worldwide scientific and technical 
literature. This work is performed by 
the LAS Staff and is supported by the Air 
Force Office of Scientific Research of the 
Air Research and Development Command. 


For a listing of the principal periodicals 
received in the IAS Library, please refer 
to the January, 1959, issue. 


The AERo/SpAcE ENGINEERING INDEX, 
formerly the AERONAUTICAL ENGINEERING 
InvEx published since 1947, provides an 
annual cumulation of the materials re- 
viewed in this section. 


THE IAS LIBRARY 


Publications reviewed in this sec- 
tion are maintained by the Library 
for use by the IAS Membership. 
They are not for sale but are made 
available through the facilities of 
the Library. 

LenpInG Services: Institute 
members, both Individual and 
Corporate, may borrow periodicals, 
reports, and books for a period of 
2 weeks, excluding time in transit. 
Excepted are certain reference books 
and those IAS publications that 
may be purchased. 

Puorocopy Services: The Li- 
brary is equipped to provide, as 
a service, positive photocopies of 
certain materials in its collections. 
Rates on request. 

For detailed information about 
these and other services, wrile to: 


John J. Glennon, Librarian 
Institule of the 
Aeronautical Sciences, Inc. 
2 East 64th Street 
New York 21, New York 
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Acoustics, Sound, Noise 


New Techniques in 
Reduction. 


Noise 
(4th Internatl. 
Aero. Congr. on Rotary Wings & Vertical Flight, 


Helicopter 
Harry Sternfeld, Jr. 


Paris, June 15-19, 1959.) AHS J., Jan., 19 
pp. 2-8. Application of new techniques on 
component arrangement, noise measurement, and 
lightweight acoustic control to the Vertol 107. 


Noise Environments of Flight Vehicles. I. 
Dyer, P. A. Franken, and E. E. Ungar. Noise 
Control, Jan.-Feb., 1960, pp. 31-40, 51. 32 refs. 
Discussion of some of the noise environments 
encountered in atmospheric and space fiight, 
including rocket and turbojet engines, oscillating 
shocks, boundary layer pressure fluctuations, base 
pressure fluctuations, and wake noise. 


Explanation of the So-Called ‘‘Sound Detona- 
tion.’’ I. Bihari and M. Kelemen. Periodica 
Polytech., Elec. Eng. Ser., No. 3, 1957, pp. 287- 
295. Analysis to determine the path and speed 
of a jet aircraft in order to have a point in space 
from which the sound waves emitted by the jet 
engine along its course arrive simultaneously 
(from every point of its path). 


Acoustical Fatigue Test Procedures. D. M. 
Forney, Jr. Noise Control, Jan.-Feb., 1960, pp. 
11-21, 49. 39 refs. Survey of test facilities in 


which both the direction of propagation of the 
sound wave can be controlled to some degree and 
the necessary high sound intensities can be 
produced. Some of the variations found in 
equipment design and use, test techniques and 
objectives, and analysis objectives which 
characterize the state-of-the-art in the aircraft 
industry are discussed. 


Aerodynamics, Fluid Mechanics 


Aerothermochemistry, Dissociation, 
Ablation 

Effects of Diffusion and Chemical Reaction on 
Convective Heat Transfer. ave osner. 
ARS J., Jan., 1960, pp. 114, 115. USAF- 


supported application of the notion of an 
“effective’’ thermal conductivity for reacting 
gaseous mixtures to the prediction of convective 
heat-transfer rates when dissociation, diffusion, 
and atom recombination take place within a 
laminar boundary layer in quasi-equilibrium. 

Heat Conduction in a Melting Slab. S. J. 
Citron. (JAS 27th Annual Meeting, New York, 
Jan. 26-29, 1959, Rep. 59-68.) J. Aero/Space Sci., 
Mar., 1960, pp. 219-228. 16 refs. 


Aerothermodynamics 


Avtomodel’nye Resh Ur i Laminar- 
nogo Pogranichnogo Sloia v 


Zhidkosti pri Nalichii Teploobmena. N. 
Pol’skii. MVO SSSR VUZ Izv. Av. Tekh., No. 
3, 1959, pp. 13-15. 10 refs. In Russian. 


Derivation of solutions for the equations of 
laminar boundary layer in an incompressible 
fluid in the presence of heat transfer. 


Nagrev Up Stenki za Dvi- 
zhushchimsia kachkom Uplotneniia. G. A. 
Tirskii. AN SR Dokl., Oct. 21, 1959, pp. 
1140-1143. Derivation of an 
exact solution to the problem of heating of a flat 
wall behind a density jump traveling through a gas 
at rest at constant speed parallel to the wall 
boundary. 


Boundary Layer 


Ob Obtekanii Ploskoi Polubeskonechnoi 
Plastiny Potokom Viazkogo Razrezhennogo 


Gaza. A. I. Bunimovich. AN SSSR Old. 
Tekh. Nauk Izv. Mekh. i. Mashinostr., Sept.- 
Oct., 1959, pp. 16-18. In Russian. Presenta- 


tion of a solution for the problem of boundary- 
layer flow of a viscous, rarefied gas over a flat 
semi-infinite plate. 


The Critical Height of Distributed Roughness 
to Cause Boundary Layer Transition. R. L. 
Dommett. RAeS J., Dec., 1959, p. 722. Develop- 
ment of a simple method to predict critical rough- 
ness height, k, by taking advantage of the linearity 
of the velocity profile near the wall in a laminar 
boundary layer. 


Laminarnyi Pogranichnyi Sloi na Plastine v 
Sverkhzvukovom Potoke Slaborazrezhennogo 
Giz1. V. P. Miasnikov. AN SSSR _ Old. 
Tekh. Nauk Izv. Mekh. i Mashinostr., Sept.-Oct., 
1959, pp. 127-130. In Russian. Investigation 
of the laminar boundary layer over a flat plate in 
the region of slip flow, taking into account the 
interaction between the external flow and the 
boundary layer. 


On Maximum Pressure Rise with Turbulent 
Boundary Layer. A. Mager and A. W. Goldstein. 
J. Aero/Space Sci., Mar., 1960, pp. 234, 235. 
Comparison of previous analytical results with 
those obtained experimentally by Stratford. 


Pitot-Probe Measurement of Local Skin- 
Friction Reduction Due to Transpiration in a 
Low-Speed, Turbulent Boundary Layer. B. M. 
Leadon and E. R. Bartle. J. Aero/Space Sci., 
Mar., 1960, pp. 235, 236. 
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Control Surfaces 


The Estimation of Tail Loading Due to Elevator- 
Induced Pitching Manoeuvres. I—Qualitative 
Discussion. P. F. Richards. Aircraft Eng., 
Jan., 1960, pp. 2-15. Discussion of the essential 
forms of elevator motions needed to cover the 
practical range a pilot may use during pitching 
maneuvers, to analyze and compare the response 
of the aircraft in these cases, and to show the 
influence of aircraft size, weight, forward speed, 
and maneuver margin on the various important 
response qualities involved. 


Flow of Fluids 


Dynamic Instability of Accelerated Fluids. 
C. T. Chang. Phys. Fluids, Nov.-Dec., 1959, 
pp. 656-663. 14 refs. Army-supported study 

the asymmetrical growth of an _ interface 
separating two fluids of different densities under 
the influence of an imposed acceleration (Rayleigh- 
Taylor instability). When the initial disturbance 
isa simple sinusoidal wave and is started from 
rest, it is found that the growth of the interface 
depends explicitly on two dimensionless param- 
eters of the initial disturbance — the dimen- 
sionless amplitude and the dimensionless wave 
number. 


Constant Shear Flow Past Two Circular 
Cylinders. L. N. Nigam. ZAMP, Nov. 25, 
1959, pp. 584-591. Study to determine the 
location of the stagnation points using orthogonal 
curvilinear dipolar coordinates. 


Slipping and Temperature Discontinuity at the 
Boundary of a Gas Mixture. R. Ya. Kucherov 


and L. E. Rikenglaz. (Zhurnal Teoret. i Exper. 
Fiz., June, 1959, pp. 1758-1761.) Sov. Phys. - 
JETP, Dec., 1959, pp. 1253-1255. Translation. 


Development of a method for finding the boundary 
conditions for the hydrodynamical transport 
equations of a binary inhomogeneous gas mixture 
on a nonabsorbing solid surface. The conditions 
take into account slipping and the temperature 
jump at the boundary with a solid surface. 


On a Method of Successive Approximations 
Applied to the Axisymmetric Flows of an In- 
compressible Perfect Fluid. Tamedi Simasaki 
and Keishiro Niu. Phys. Soc. Japan J., Dec., 
1959, pp. 1810-1815 Extension of Imai's 
method to develop a general method of successive 
approximations in order to derive the velocity 
distribution of higher order for the whole field of 
flow around an axisymmetric body with arbitrary 
shape. Numerical calculations are given for the 
case of a sphere and a prolate spheroid. 


Supersonic Viscous Flow Past a Convex Corner. 

. K. Roy. ZAMP, Nov. 25, 1959, pp. 592- 
603. 11 refs. Application of the Polhausen 
method with different assumed velocity distribu- 
tions to determine the flow. 


K Sverkhzvukovomu Obtekaniiu Tsilindri- 
cheskikh Operennykh Tel Vrashcheniia. P. I. 


Zheludev. AN SSSR Otd. Tekh. Nauk Izv. 
Mekh. i Mashinostr., Sept.-Oct., 1959, pp. 118- 
121. In Russian. Study of the supersonic 


flow past slender pointed bodies of revolution 
with low aspect ratio wings. The iteration 
method is used to determine the velocity po- 
tential in the second approximation, using the 
solution gp of the slender body theory for the first 
approximation. 


K Raschetu Obtekaniia Konusa. O. P. 
Sidorov. MVO SSSR VUZ Izv. Av. Tekh., 
No. 2, 1959, pp. 144-146. In Russian. Study 


of the steady axisymmetric flow around an 
infinite cone. The velocity of the flow is assumed 
to be hypersonic; the solution is given in closed 
form, using the approximate equation for the 
velocity potential. 


Kriticheskoe Chislo Reinol’dsa dlia Techeniia 
za Kruglym Tsilindrom. Il’chenko. 
SSSR Otd. Tekh. Nauk Izv. Mekh. i Mashinostr., 
Sept.-Oct., 1959, pp. 130-132. In _ Russian. 
Calculation of the critical Reynolds number for 
the plane-parallel stationary flow of viscous 
incompressible fluid behind a circular cylinder. 


Stagnation Point Fluctuations of a Body of 


Revolution. A. M. Kuethe, W. W. Willmarth, 
and G. H. Crocker. Phys. Fluids, Nov.-Dec., 
1959, pp. 714-716. 10 refs. USAF-supported 


discussion of the reasons for stagnation point ve 
locity fluctuations. Two factors are emphasized: 
amplification of the three-dimensional disturb- 
ances during their motion along the concave 
streamlines near the stagnation point, and the 
stretching of vortex filaments in the diverging 
flow near the stagnation point. 


Postroenie Tela Vrashcheniia po Zadannomu 
na nem Raspredeleniiu Skorosti. O. M. Kiselev. 
MVO SSSR VUZ Izv. Av. Tekh., No. 2, 1959, 
pp. 20-24. In Russian. Study to determine 
the shape of a body of revolution in an infinite, 
axisymmetric, potential flow of incompressible 
fluid on the basis of given velocity distribution. 


Obtekanie Tel Vrashcheniia Potokom Szhimie- 
moi K. P. Strashinina. MVO SSSR 
VUZ Izv. Av. Tekh., No. 2, 1959, pp. 33-38 
In Russian. Study of the flow around bodies of 
revolution in order to indicate a method for 
determining the parameters of the gas without 
using the method of characteristics. 


Viscous Aerodypamic Characteristics in Hy- 
personic Rarefied Gas Flow. R. F. Probstein 
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and N. H. Kemp. (JAS 27th Annual Meeting, 
New York, Jan. 26-29,1959, Rep. 59-62.) J. 
Aero/Space Sci., Mar., 1960, pp. 174-192, 218. 
26 refs. USAF- “supported research. 


Vrashchenie Tsilindra s Peremennoi Uglovoi 
Skorost’iu v Viazko-Plastichnoi Srede. A. I. 
Safronchik. Prikl. Mat. i Mekh., Nov.-Dec. 
1959, pp. 1051-1056. In Russian. Definition 
and study of the problem of unsteady flow of a 
viscoelastic medium surrounding a_ cylinder 
which rotates with a variable angular ~— 


Gidravlicheskaia pri k > 1. A. 
Munshtukov. MV SR VUZ Izv. Av. 
No. 3, 1959, pp. 9- 2. = Russian. Analysis of 
the analogy existing between plane isentropic 
flow of gas and a motion of a liquid with a free 
surface along the horizontal plane, including the 
possibility of extending it to the case of k > 1. 


Contemporary Plasma Physics. Louis Gold. 
IRE Trans., SET Ser., Dec., 1959, pp. 162-165. 
32 refs. Description " of the basic aspects of 
plasma physics and areas in which it might be 
applied. 

Excitation of Waves in a Plasma. 
Sitenko and Yu. A. Kirochkin. Sov. Phys. - 
Tech. Phys., Jan., 1960, pp. 723-729. Transla- 
tion. Analysis considering the excitation of 
waves in a plasma by means of external currents 
using the two-component plasma theory applica- 
ble to wave excitation at any frequency. 

Moving Magnetic Field Behind a Strong 
Deuterium Shock. F.R. Scott and R. F. Wenzel. 
Phys. Fluids, Nov.-Dec., 1959, pp. 609-613. 10 
refs. Presentation of data on several measured 
characteristics of a moving magnetic multipole 
field in the ionized gas behind the shock front. It 
is indicated that these parameters are compatible 
with the equilibrium planar shock theory for 
deuterium. Also demonstrated is a _ possible 
complexity to the use of electromagnetically 
driven shocks when applied to pure plasma 
studies, 


Theory of the Flow in the Magnetic Annular 
N. H. 


Shock Tube. Kemp and H. E. Petschek. 
(Avco Everett Res. Lab. RR 60, July, 1959.) 
Phys. Fluids, Nov.-Dec., 1959, pp. 599-608 


USAF-sponsored study. 


High-Speed Shock Waves 
Annular Shock Tube. R. 
Everett Res. Lab. RR 59, July, 1959.) Phys. 
Fluids, Nov.-Dec., 1959, pp. 589-598. 15 
refs. USAF-sponsored description of a magnetic 
annular shock tube (MAST) in which a magnetic 
field is used to produce the driving force for high- 
speed shock waves with velocities over 4 X 10 
cm./sec, 


Prosteishie Zadachi, Soderzhashchie [onizi- 
ruiushchuiu Gaz Udarnuiu Volnu v_ Elektro- 
magnitnom Pole. A. G. Kulikovskii and G. A. 
Liubimov. AN SSSR Dokl., Nov. 21, 1959, pp. 
525-528. In Russian. Study of basic problems 
involving a gas-ionizing shock wave in an 
electromagnetic field. Considered are such 
cases as the motion of a plane piston and flow 
around a wedge. 


Zamechaniia Otnositel’no Struktury Perpen- 
dikuliarnoi Magnito-Gidrodinamicheskoi Udarnoi 
Volny. A. G. Kulikovskii and G. A. Liubimov. 
Prikl. Mat. i Mekh., Nov.-Dec., 1959, pp. 1146, 
1147. In Russian. Study of the structure of a 
perpendicular shock wave in the presence of 
heat transfer and electrical conductivity, but no 
viscosity. 


Theory of Relativistic Magnetohydrodynamic 
Waves. I. A. hiezer and Polovin 
(Zhurnal Teoret. « Exper. Fiz., June, 1959, pp 
1845-1852.) Sov. Phys. - JETP, Dec., 1959, 
pp. 1316-1320. 23 refs. Translation. Analysis 
of one-dimensional simple waves considering 
relativistic hydrodynamic discontinuities (contact, 
tangential, Alfvén, and fast and slow shock 
waves). The Zemplen theorem is proved for 
shock waves of arbitrary intensity. 


Magnetohydrodynamic Waves in Wave Guides. 
Ryszard Gajewski. Phys. Fluids, Nov.-Dec. 
1959, pp. 633-641. Study of the influence of 4 
constant homogeneous magnetic field parallel to 
the walls of the wave guide on the propagation of 
waves in a nonviscous and perfectly conducting 
fluid. Exact solutions of magnetohydrodynamic 
equations in wave guides are found for the case of 
small oscillations, 


The Plasma Jet and its Uses. M. L. Thorpe. 
Res./Devel., Jan., 1960, pp. 5-9, 11, 12, 18 
Discussion of the physical principles of the 
device, brief description of types of plasma jets, 
and applications in industrial processes am 
research, 


Nonlinear Alfvén Waves in a Cold Ionized Gas. 
David Montgomery. Phys. Fluids, Nov.-Dee. 
1959, pp. 585-588. 


O Roli Izlucheniia Primesei v Balanse Energii 
Plazmennogo Shnura. V.I. Kogan. AN SSSR 
Dokl., Oct. 1, 1959, pp. 702-705. In Russiat 
Application of previously derived results t 
determine the effect of radiation of admixtures 
on the energy balance of a concrete plasm 
system. 


in a Magnetic 
M. Patrick. (Arco 


‘ 
Instability of Certain Electrohydrodynamit 


Systems. O. N. Stuetzer. Phys. Fluids, Nov- 
Dec., 1959, pp. 642-648. Analysis considering 
the production of ion drag pressure under dynamic 
conditions—i.e., with the carrier medium in 
motion. 
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Auxiliary Gas Turbines becoming a 
prime power source for industry 


wee 


Helmut Schelp, chief engineer, AiResearch Manufacturing Division of 
Arizona, Phoenix, surrounded by typical gas turbines now in production 


AiResearch Gas Turbine Engines, 
the most widely used power source for 
the starting, air conditioning, cooling and 
heating of jet aircraft, now are becom- 
ing a prime power source for industry. 

Easier to maintain because of few 
moving parts, these lightweight gas 
turbine engines develop more horse- 
power per pound of weight and size than 
any other engine. Achieving 
their greatest efficiency 


THE i343 CORPORATION 


at maximum speeds, they run on almost 
any fuel and start immediately in any 
weather. 

Present prime power applications of 
AiResearch gas turbines for industry: 
earthmoving equipment; small inde- 
pendent generator plants; marine use; 
helicopters and small conventional air- 
craft; emergency power plants; air con- 
ditioning, heating and refrigeration; 
atomic energy (closed cycle gas 


aiid 


ranging in size from 30 to 850 hp. Clockwise from the top: GTC 85-28 
GTCP 105 * GTP 70-6 * GTP 30-1 * GTP 70-10 + GTU 85-2. 


turbine with atomic energy heat source) . 

First to design and develop a success- 
ful small gas turbine engine, Garrett is 
the world’s largest manufacturer of 
lightweight turbomachinery — having 
delivered more than 200,000 units, 
including 9000 gas turbines of all types 
ranging from 30 to 850 hp. Through its 
AiResearch Manufacturing Divisions, 
The Garrett Corporation is now offering 
this experience to all industry. 


AiResearch Manufacturing Divisions 


LOS ANGELES 45, CALIFORNIA @ PHOENIX, ARIZONA 


OTHER DIVISIONS AND SUBSIDIARIES: AIRESEARCH INDUSTRIAL @ AIRESEARCH AVIATION SERVICE © GARRETT SUPPLY © AIR CRUISERS 


AIRSUPPLY-AERO ENGINEERING GARRETT MANUFACTURING LIMITED C.W.MARWEDEL GARRETT INTERNATIONAL 
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How do you make a Hound Dog point? Set him straight from a star. 
Helping to launch the deadly air-to-ground Hound Dog missile repre- 

sents one of the many exciting new areas in which you’ll find advanced 

Kollsman engineering talent assuming a leading and critical role. 

This calls for the precision Kollsman Astro Compass to help guide the 
B-52 mother ship and for the Kollsman Star Tracker to help launch the 
Hound Dog missile accurately. 

Working with Autonetics, a division of North American Aviation, 
Kollsman once again has demonstrated its engineering capabilities in the 
optical, mechanical, electromechanical, and electronic sciences. 


To some people Kollsman means “altimeters.” It’s only natural. © 


ASTRO TRACKERS + AUTOMATIC ASTRO COMPASS * AIR DATA COMPUTERS + ELECTROMEGHANICAL SYSTEMS + MISSILE COMPONENTS & SYSTEMS + JET ENGINE INSTRUMENTS + FLIGHT INSTRUMENTS * KOLLSMAN INTEGRATED FLIGHT INSTRUMENT SYSTEM 
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TRUMENT SYSTEM* 


Kollsman altimeters and flight instruments have meant excellence and 
progress for the past 32 years. But today Kollsman means much more. 
From inner marker to outer space, Kollsman capabilities are keyed to 
tomorrow ... today. 
Prop aircraft, jet aircraft, missiles, space vehicles... Kollsman engi- 
neering and manufacturing facilities are producing the precision instru- 
ments, flight systems, missile modules, 
and ground support equipment of the 
80-08 45th Avenue, Elmhurst, New York / Glendale, California 7 
A subsidiary of Standard Coil Products Co. Inc. 


Engineering Capabilities Brochure. 
If it flies, it relies on Kollsman. 


OPTICAL SYSTEMS& COMPONENTS * DOPPLER COMPUTATION SYSTEMS*SEXTANTS (PERISCOPIC, HANDHELD, PHOTOELECTRIC) * CONTROLS FOR AIRCRAFT, MISSILES, & SPACE VEHICLES - FLIGHT SIMULATOR INSTRUMENTS = LABORATORY TEST INSTRUMENTS 
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Some Interior a of Hydromagnetics. 
J. D. Cole and J. Huth. Phys. Fluids, 
Nov.-Dec., 1959, pp. 604-620. Analysis of the 
static boundary problems of line currents and 
dipoles immersed in a perfectly conducting static 
fluid. The perturbing effect of moving fluid on 
the magnetostatic boundary about an isolated 
line current is then investigated. In this case, 
the initial circular boundary is distorted into an 
ellipse with the major axis transverse to the 
direction of the flow. 


Motion of a Charged Body 
in Plasma. &. Kraus and H. Yoshihara. 
AS 27th Annual Meeting, New York, Jan. 
26-29, 1959, Rep. 59-75.) J. Aero/Space Sci., 
Mar., 1960, pp. 229-233. 


Issledovanie Statsionarnykh Poverkhnostei 
Razryva so Skachkom Provodimosti Gaza v 
Pole. G. A. Liubimov. 

N SSSR Otd. Tekh. Nauk Izv. Mekh. i Mashi- 
oll Sept.-Oct., 1959, pp. 9-15. In Russian. 
Investigation covering ideal gas flows containing 
discontinuity surfaces with a conductivity jump 
in an electromagnetic field. 


Ion-Electron Relaxation of Plasmas in a Strong 
Magnetic Field. Taro Kihara. Phys. Soc. 
Japan J., Dec., 1959, pp. 1751-1754. Derivation 
of an expression for the rate of relaxation be- 
tween ion and electron temperatures in a fully 
ionized gas composed of one type of positive ion 
and electrons. 


Electrostatic Field About an Ion Moving 
Slowly in a Plasma. S. Rand. Phys. Fluids, 
Nov.-Dec., 1959, pp. 649-652. Application of a 
particle treatment to determine the potential 
distribution about an ion moving subsonically 
through a plasma. A fore-aft asymmetry is 
obtained which has the effect of producing a drag 
on the ion. 


Impulsive Rotatory Motion of a Circular Disk 
in a Viscous Fluid. R. P. Kanwal. ZAMP, 
Nov. 25, 1959, pp. 552-557. 10 refs. Army- 
sponsored presentation of an exact analytic 
solution of the flow when a thin circular disc is 
given an impulsive moment. 


On the Conditions of Simple Wave Formation. 
M. Burnat. Acad. Pol. Sci. Bul., Tech. Sci. Ser., 
No. 10, 1959, pp. 593-597. Study of certain 
conditions to be satisfied by bodies around which 
simple waves (Prandtl-Meyer flows) can propa- 
gate. The analysis is made using rectangular 
coordinates. 


Spectrographic Investigation of the State of @ 
Gas Behind a Shockwave. I. N. Sobolev, A. 
V. Potapov, V. F. Kitaeva, F. S. Faizullov, V. N. 
Aliamovskii, E. T. ‘Antropov, and I. L. Isaev. 
(AN SSSR Optika i Spektroskopiia, Mar., 1959, 
pp. 284-296.) Optics & Spectroscopy, Mar., 1959, 
pp. 185-192. 13 refs. Translation. Presenta- 
tion of a series of systematic experiments to 
determine the air temperature behind a shock 
wave according to the relative intensity of non- 
resonance sodium and lithium lines. 


O Raspolozhenii Golovnoi Volny pri Nesim- 
metrichnom Obtekanii Zaostrennogo Tela Poto- 
kom Gaza s Bol’shoi Sverkhzvukovoi Skorost’iu. 
A. L. Gonor. AN SSSR Otd. Tekh. Nauk. Izv. 
Mekh. i Mashinosir., Sept.-Oct., 1959, pp. 117, 
118. In Russian. Determination of the struc- 
ture of a head wave in the asymmetric super- 
sonic flow of gas around a pointed body. 


A Similarity Solution for a Blast in Free Space. 
S. F. Borg. Franklin Inst. J., Dec., 1959, pp. 
446-452. Derivation of a solution applicable to 
the case of a contained blast in which pressure 
equality is maintained along the rim. 


Internal Flow 


The Coefficient of Contraction in the Flow 
Through Perforated Plates. Morgan. 
RAeS J., Dec., 1959, pp. 723, 724. 


Theoretical and Experimental Studies of Stall 
Propagation in — of Axial Flow Compressor 
Blades. M.D. Wood. Aero. Quart., Nov., 1959, 
pp. 345-360. Application of a small perturba- 
tion theory to predict the velocity of propagation 
of stalled zones or “‘stall cells’’ along the cascade. 
Comparison with experimental data shows the 
inadequacy of the small perturbation concept to 
accurately predict the behavior of the stall cells. 


Vrashchaiushchiisia Sryv v 
Stupeni Osevogo Kompressora. V. N. Ershov 
. V. Pavienko. MVO SSSR VUZ Izv. Av. 
Tekh., No. 3, 1959, pp. 64-71. In Russian. 
Investigation of the rotating stall in the elemen- 
tary stage of an axial compressor, considering the 
flow about an isolated rotor and assuming that 
there are no dissipative forces on the outside of 
the rotor. 


Eksperimental’noe Issledovanie Reshetok Pro- 
filei Aktivnogo Tipa pri Sverkhzvukovykh Skoro- 
stiakh na Vkhode. Sh. Kh. Bikbulatov. MVO 
SSSR VUZ Izv. Av. Tekh., No. 2, 1959, pp. 95- 
104. In Russian. Determination of the effect 

of various profile, cascade, and incident flow 
parameters upon the losses in active-type cascades 
in the case of supersonic intake velocities. 


Eksperimental’nyi Metod Issledovaniia Reshe- 
tok Profilei_ Osevykh Turbomashin s Ispol’- 
zovaniem EGDA. N. E. Salamatin. MVO 
SSSR VUZ Izv. Av. Tekh., No. 3, 1959, pp. 101- 
111. 12 refs. In Russian. Description of an 
experimental method for studying cascade 
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profiles in axial turbines by means of the electric- 
hydraulic analogy. 


Die Geschwindigkeitsverteilung an der Be- 
schaufelung der radialen Laufrader bei Anderung 
der Konstruktionsgrissen. I. Kurutz. Periodica 
Polytech., Eng. Ser., No. 3, 1958, pp. 207-223. 
In German. Determination of | the pressure 
distribution on the blades of a radial impeller, 
and study of the effect of varying structural 
parameters. 


O Sovmestnoi Rabote Kolesa i Lopatochnogo 
Diffuzora Tsentrobezhnogo Kompressora. N. A. 
Alemasova. MVO SSSR VUZ Izv. Av. Tekh., 
No. 3, 1959, pp. 36-45. In Russian. Study of 
the operation of centrifugal compressors covering 
the structure of the rotor flow, flow pattern in the 
diffuser, flow losses, and design recommendations. 


Ob Avtokolebaniiakh v 
Diffuzorakh. O. E. Tsynkova. AN SS 
Otd. Tekh. Nauk Izv. Mekh. i Mashinostr., a 
Oct., 1959, pp. 19-26. In Russian. Investiga- 
tion of the stability of supersonic diffusers, 
using the method of linear traveling waves. 


Simple Wave Flow in Ducts. Roy Gundersen. 
Phys. Fluids, Nov.-Dec., 1959, pp. 680-687. 
Presentation of a solution for the flow of an 
arbitrary simple wave in the sections of varying 
area, using a one-dimensional analysis. 


The Design of an Annular Entry to a Circular 
Duct. J. C. Gibbings. Aero. Quart., Nov., 
1959, pp. 361-372. Presentation of a design 
method for a circular duct shaped so that the 
wall velocity gradients are favorable to the 
development of the boundary layer flow. 


Priblizhennyi Metod Rascheta Aerodina- 
micheskogo Soprotivieniia Trubki Venturi v 
Sverkhzvukovom Potoke. B. S. Vinogradov. 
MVO S$ VUZ Izv. Av. Tekh., No. 3, 1959, 
pp. 46-56. In Russian. Development of an 
approximate method for calculating the aero- 
dynamic drag of Venturi tubes in supersonic flow. 


Obtekanie s Otryvom Strui Prepiatstviia, 
Zakliuchennogo v Kanale s Parallel’nymi Sten- 
kami. A. V. Kuznetsov. MVO SSSR VUZ 
Izv. Matemat., No. 3, 1959, pp. 159-167. In 
Russian. Study of the symmetric flow of in- 
compressible fluid around a curvilinear profile in 
a channel with parallel walls. The case of flow 
separation is also covered. 


Issledovanie Teploobmena v Uzkom Kanale 
Metodom Plity. V. A. Petrikevich, MVO 
SSSR VUZ Izv. Av. Tekh., No. 3, 1959, pp. 80- 
90. In Russian. Presentation of experimental 
results on the heat transfer between the wall of a 
narrow rectangular channel and the air flowing 
through it. Tests were made on a hydraulically 
unstabilized flow subjected tosymmetrical heating, 
with emphasis on the process of heat transfer at 
the inlet section. 

O Mekhanizme Kavitatsii v Tsentrobezhnykh 
Nasosakh. N. S. Ershov. O SSSR VUZ 
Izv. Av. Tekh., No. 3, 1959, pp. 57-63. In 
Russian. Further investigation of the mechanism 
of cavitation in centrifugal pumps, including a 
description of experimental techniques and survey 
of test results. 

Dvukh Osobennostiakh Kavitatsionnykh 
Kharakteristik Tsentrobezhnogo Nasosa_ s 
Kryl’chatkoi Per’evogo Tipa i  Partsial’nym 
Otvodom Zhidkosti. V. I. Dumov and M. A. 
Peshkin. MVO SSSR VUZ Izv. Av. Tekh., 
No. 2, 1959, pp. 147-150. In Russian. Study 
of the cavitational characteristics of a centrifugal 
pump with a fin-type impeller and a partial 
deviation of the liquid. 


Jet Flaps & Wings 


Jet Flap Control. M. R. Dorand. World 
Helicopter & Vertical Flight, Nov.-Dec., 1959, 
pp. 189-191. Abridged. Description of a jet 
flap control, providing a stream of compressed 
airflow emerging from the trailing edges of the 
blade tips to effectively delay the onset of 
retreating blade stall. 


Stability & Control 


Methods for Obtaining the Stability Derivatives 
of Airplanes and Missiles from Their Flight 
Test Response Data. Sachio Uehara. Japan 
Soc. Aero. & Space Sci. J., Aug., 1959, pp. 209- 
215. llrefs. In Japanese. 

Wings & Airfoils 

Airfoil in a Sonic Shear Flow Jet: A Mixed 
Boundary Value Problem for the Generalized 
Tricomi Equation. pendix I—Jump Condi- 
tion. Appendix 11 Rata -Joukowsky Condi- 

C. C. Chang and T. S. Lundgren. (U. 
. Inst. Tech. Dept. Aero. Eng. AR Rep. 1, 
Quart. Appl. Math., Jan., 1960, 

pp. 375-392. 11 refs. 

Poverkhnost’ Kryla, Trapetsevidnogo v Plane, 
Obespechivaiushchaia Minimal’noe Volnovoe 
Soprotivienie pri Zadannom Ob’eme. L. N. 
Vil’nit. 7O SS: VUZ Izv. Av. Tekh., 
No. 3, 1959, pp. 136-142. In Russian. Study 
to determine the surface of a wing of trapezoidal 
plan form in order to achieve minimum wave 
drag for given volume. 
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A Note on the Causes of Thin Aerofoil Stall. 
T. W. F. Moore. RAeS J., Dec., 1959, pp. 724- 
730. 14 refs. Presentation of boundary layer 
calculations which indicate the feasibility of 
Wallis’s hypothesis of turbulent separation. In 
addition, the results of some experiments on a 
thin two-dimensional airfoil with various leading 
edge configurations are given. 


Aeroelasticity 


Inertia Effects on Some Static Aeroelastic 
Problems. D. J. Johns. J. Aero/Space Sci., 
Mar., 1960, pp. 237, 238. Analysis showing that 
longitudinal inertia forces have no significant 
effect on static aeroelastic problems of wings but 
can have a pronounced effect on similar problems 
for aircraft bodies. Lateral inertia forces can 
modify the results of static aeroelastic analyses for 
unconventional wings and should then be con- 
sidered, as they are in the problems of entire 
bodies. 


Chvéni Valcové Skorepiny v Proudu Idedlni 
Kapaliny. A.N. Volkov. Aplikace Matematiky, 
No. 3, 1958, pp. 161-169. In Czechoslovak. 
Study of the dynamic problem in the calculation 
of closed-profile cylindrical shells. The effect 
of mass addition, characterizing the presence of 
the ideal fluid surrounding the shell, is also 
determined. 


Dinamicheskie Zhestkosti v Teorii Osesim- 
metrichnykh Kolebannii Kruglykh i Kol’tsevykh 
Plastinok. I. E. Sakharov. AN SSSR Oid. 
Tekh. Nauk Izv. Mekh. i Mashinostr., Sept.-Oct., 
1959, pp. 90-98. In Russian. Extension of the 
concept of dynamic rigidity to cover the axi- 
symmetric vibrations of circular and annular 
plates. The effect of a concentrated force 
applied at the center of the plate is considered, 
and the natural vibrations of composite systems 
are calculated for two specific cases. 


Supersonic Panel Flutter of a Cylindrical Shell 
of Finite Length. Maurice Holt and S. L 
Strack. (Brown U. Div. Appl. Math. Rep., 
May, 1959.) IAS 28th Annual Meeting, New 
York, Jan. 25-27, 1960, Paper 60-22. Members, 
$0.50; nonmembers, $1.00. 23 pp. 21 refs. 
USAF-supported research. 

Review of Panel Flutter and Effects of Aero- 
dynamic Noise. I—Panel Flutter. L. E. Good- 
man and J. V. Rattayya. Appl. Mech. Rev., 
Jan., 1960, pp. 2-7. 66 refs. Survey of the 
literature emphasizing the approximations made 
with the phenomena to obtain solutions. 


Aeronautics, General 


Japan’s Aircraft and Engine eertntente 
Interavia, Dec., 1959, pp. 1520-1523 


Is Man-Powered Rotating Wing Flight a 
Future Possibility? C. H. Naylor. Heltcpter 
Assn. Gt. Brit. J., Oct., 1959, pp. 294-304. 

Man-Powered Helicopters. B. S. Shenstone 
and R. H. Whitby. Helicopter Assn. Gt. Brit. J, 
Oct., 1959, pp. 305-315. 


Air Transportation 
First Year of Jet-Age—Reflections. I, IL. 


F. W. Kolk. Western Av., Dec., 1959; Jan., 
1960, pp. 50-52; 28-30, 32. Discussion covering 
scheduling problems, traffic effectiveness from the 
passenger viewpoint, and mechanical reliability. 


Soviet Civil Aviation and Its Future. Yevgeni 
Loginov. JInteravia, Jan., 1960, pp. 36-39. 
Discussion of the Soviet program aimed at 
making aircraft the principal means of passenger 
transport in USSR by 1965. Efforts to improve 
service by use of new aircraft and new ground 
facilities are emphasized. It is noted that 
economical operation is not an objective. 

L’Aéronef de Transport Public a Décollage et 
Atterrissage Vertical; Considérations sur le 
Point de Vue de ’Exploitant. R. C. Morgan. 
(4th Internatl. Aero. Congr. on Rotary Wings & 
Vertical Flight, Paris, June 15-19, 1959.) Tech. 

Sci. Aéronautiques, May-June, 1959, pp. 
155-157. In French. Survey of the progress in 
the field of VTOL aircraft application to aif 
transport. Covered are the overall system, all- 
weather flight, navigability, different types of 

TOL aircraft, speed, and economic aspects. 


The Big Break Through. S. H. Brewer. 
Air Transp., Jan., 1960, pp. 18, 19, 27-31. 
Discussion emphasizing the possibility of greatly 
increased growth for the air cargo industry if 
certain problems that are outlined can be met. 


Airplanes 


Arresting Gear 


A Commercial Aircraft Arrester? Airports © 
Airport Eng., Nov.-Dec., 1959, pp. 119-121. 
Description of the Swedish ‘‘Safeland’’ arrestef 
barrier. 


Trials with ‘‘Safeland’’ Types 4:3 and 6:3 
Over-Run Emer, tgency Barriers Manufactured by 
Borgs Fabriks A.B. of Sweden. R. A. Whit 
tingham. Gt. Brit., RAE TN Naval 38, yi 
1959. 52 pp. Presentation of test results for 
the P.1A, Hunter, Javelin, and Canberra aif- 
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eigineering and manufacturing AMF has ingenuity you can use... 


He has brainstorms 
...t0 order 


He’s one of a group of AMF scien- 
tists who develop solutions to the 
utterly original problems of modern 
defense and human penetration of 
space. He doesn’t build better mouse- 
traps. His business is completely 
new kinds of traps for mice that 
have never been caught. 


Examples: A method of recovering 
potable water from human waste 
fluid, the major source of water ina 
sealed space vehicle... Methods of 
analyzing the effects of a nuclear 
blast on the earth’s crust, how it 
changes the character of soil and 
rock, how its shock is propagated, 
what sort of building structure will 
withstand it...Platforms on which 
will be mounted primary standards 
calibration instruments for missile 
guidance systems. These platforms 
must be so vibration-free that natu- 
ral earth movements must be com- 
pensated for. Platform vibrations 
are limited to millionths of an inch 
...A method of predicting tempera- 
tures in missile nose cones upon 
re-entry. 


Single Command Concept 


These samples of creative ingenu- 
ity reflect the resourcefulness AMF 
brings to any assignment. 

AMF people are organized in a 
single operational unit offering a 
wide range of engineering and pro- 
duction capabilities. Its purpose: to 
accept assignments at any stage 
from concept through development, 
production, and service training... 
and to complete them faster...in 


* Ground Support Equipment 

« Weapon Systems 

Undersea Warfare 

Radar 

¢ Automatic Handling & Processing 

¢ Range Instrumentation : 

Space Environment Equipment 

¢ Nuclear Research & Development 
GOVERNMENT PRODUCTS GROUP, 

AMF Building, 261 Madison Avenue, 

New York 16, N. Y. 
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craft on barriers of the deep net type. The 
barriers engage around the mainplanes of the 
aircraft and the arrest is achieved by multi-disc 
type brake units. 


Trials with an Emergency Barrier Type S.1 
for Use with ‘‘Scimitar’’ Aircraft. D. W. 
Buchanan. Gt. Brit., RAE TN Naval 37, June, 
1959. 50 pp. Description of a series of trials 
using a dummy Scimitar aircraft, including 
suggestion of possible improvements in design 
to improve barrier performance. 


Control Systems , Automatic Pilots 


Fully Automatic Aviation. F. H. George. 
Air BP, No. 13, 1959, pp. 30-33. Survey of aids 
to automatic pilot control and discussion of 
operational research procedures. The use of 
computers for remote control is considered. 


ANIP. Naval Res. Rev., Jan., 1960, pp. 1-6. 
Discussion of the development in a program 
(Army-Navy Instrument Program) to provide 
the instrumentation, display, and control ca- 
pabilities required to achieve maximum effective- 
ness of the operator or pilot-vehicle combination 
under all environmental conditions. 


Optimization of the Flight-Control, Airframe 
System. I. L. Ashkenas and D. McRuer. 
(IAS 27th Annual Meeting, New York, Jan. 26- 
29, 1959, Rep. 59-12.) J. Aero/Space Sci., Mar., 
1960, pp. 197-218. USAF-supported research. 


First Look at Systems Design in A3J Vigilante. 
J. P. Kushnerick. Aircraft & Missiles, Jan., 1960, 
pp. 10-15. Description of electrical and flight 
control systems. The flight controls are hydraul- 
ically powered and electronically controlled, and 
incorporate an automatic flight control system 
for autonavigations and LABS delivery of the 
bomb load. 


Description 


The Top of the Speed Spectrum is Wide Open 
as Far as Aircraft Are Concerned. I. H. Abbott. 
Flying, Nov., 1959, pp. 24-28, 74,75. Discussion 
of possible development in VTOL aircraft, ground- 
effect vehicles, supersonic transports, and 
hypersonic research craft. 


Los Angeles, Oct. 5-9, 
Space/ Aeronautics, Jan., 
21 refs. Abridged. Review of parameters of 
surface, wing, and fuselage structural design 
including density effects, compression allowables, 
and rigidity. Sandwich and stiffened-skin struc- 
tures are compared in performance and cost. 


2nd Supersonic Transports (Proceedings). 
I—Supersonic Transports; Noise Aspects with 
Emphasis on Sonic Boom. L. J. Lina, D. J. 
Maglieri, and H. H. Hubbard. [[—Supersonic 
Transports; Considerations of Design, Power- 
plant and Performance. J. B. Pearson, Jr., and 
R. J. Pfeiffer. III—-Operational Factors, Finan- 
cial Considerations and National Policy. B. C. 
Monesmith and R. A. Bailey. IV—Potential 
VTOL Capabilities of Supersonic Transports. 
R. H. Miller. (JAS 28th Annual Meeting, New 


1959, Preprint 111T.) 
1960, pp. 114-118. 


York, Jan. 1960.) IAS, SMF Fund 
Paper No. 2 1960. Members, $1.50; 
nonmembers, $3.00. 48 pp. 17 refs. I— 


Presentation of the effects of Mach number up to 
2.0 and altitudes of 60,000 ft. on the sonic-boom 
overpressure at the airplane ground track and at 
lateral distances up to 20 miles. II—Presenta- 
tion of some design requirements for a supersonic 
transport and analysis of design, power-plant, 
and performance factors with respect to these 
requirements. III—Discussion showing that a 
Mach 3.0 transport will have comparable airport 
performance and approach and landing speeds as 
present day subsonic transports. IV—Dis- 
cussion of the requirements for a true all-weather 
VTOL capability and the advantages and dis- 
advantages of providing this capability in super- 
sonic transports. 

The Short SC.5 Britannic Freighter. Shorts 
Quart. Rev., Dec., 1959, pp. 12-17. Presentation 
of design characteristics of proposed turboprop 
freighter aircraft. 

Northrop N-156F ‘‘Freedom Fighter.’’ 
Archer. Flight, Jan. 8, 1960, pp. 43-50, cutaway 
drawing. Design, structural, and system char- 
acteristics of a light, multi-purpose fighter. 

YS-11: Six Japanese Companies Build an 
Airline. IJnieravia, Jan., 1960, pp. 100-102. 
Presentation of the developmental history along 
with design and performance characteristics of a 
twin turboprop airliner. 


R. D. 


pp. 85, 87, 89. Presentation of the design and 
electronic system characteristics of carrier-based 
early-warning aircraft. 

Grumman Mohawk Features Short-Field 
Performance. . U.. Tsakis. Space/ Aero- 
nautics, Feb., 1960, pp. 65, 66, 68-76 (ff). 
Study of basic design objectives in the Army 
YAO-1 Mohawk observation plane. Details of 
structural and equipment features, specifications, 
and performance data are given. 

The Design of the DHC4 Caribou. R. D. 
Hiscocks. de Havilland Gazette, Dec., 1959, 
pp. 180-182. Discussion of the development and 


design characteristics of a light twin-engine 
transport. 

VC 10. Aircraft (Canada), Jan., 1960, pp. 
16, 17, 19. Presentation of design character- 


istics of the Vickers jet transport aircraft 

Wind Tunnel Research for the Airco D.H.121. 
de Havilland Gazette, Dec., 1959, pp. 196, 197. 
Discussion of low-speed and high-speed tests, 
and of the effects of these results on the aero- 
dynamic design. 

Barnes Wallis Talks. Flight, Jan. 8, 1960, pp. 
34, 35. Presentation of design details of the 
variable-geometry Swallow project. 

The Ducted Fan. G. M. Lewis. Jntleravia, 
Jan., 1960, p. 63. Discussion of future develop- 
ment in boundary-layer control, VTOL air- 
craft, and problems in internal flow and noise. 


Ejection Seats 


Supersonic Ejection Systems. W. Walkers 
Aerotec Ind. Rev., Autumn, 19/ 36, pp. 8, 9 
Brief discussion of development in low- altitude 
ejection capsules. 

Trajectories of Objects Ejected from Aircraft. 
K. Korsak. Can. Aero. J., Jan., 1960, pp. 3-9. 
Presentation of a method for calculating the 
trajectories of objects, such as occupied seats or 
capsules ejected from an aircraft, to provide an 
analytic tool for the evaluation of conditions 
required to prevent collision of the objects with 
the tail of the abandoned aircraft. 


Operating Characteristics, Economics 


1959, pp. 


Designing the Structure of a Mach 3 Transport. Early-Warning WF-2 Joins eg ag Barry Special Issue: Operational Problems of Take- 
M. G. Childers. (SAE Natl. Aero. Meeting, Tully. Av. Week & Space Tech., Jan. , 1960, Off and Landing. RAeS J., Dec., 
E> 


WHITTAKER HAS A 
SPRING-ENERGIZED GYRO... 


for every Wor guidance and control application! 


G 180 SPRING-ENERGIZED 
GYRO Suitable for 5 minutes 
flight duration. 444” x 5”. Request 
Product Brochure SP 1.10 : 


G 230 SUB-MINIATURE SPRING- 
ENERGIZED GYRO Suitable for 
1 minute flight duration. 

2” x 3”. Request Product 
Brochure SP 1.10A 


WHITTAKER GYRO has produced more than 4 
them for major missile programs. All WG Produc 
Better design concepts Complete value analysig§) 
* Qu@lity control that is second to none «+ Constant’ 
Adyanced concepts now in the planning stage at | 
and challenging opportunities for qualified enginee 


235 SUB-MINIATURE 
SPRING-ENERGIZED GYRO 
Stiitable for 1 minute flight 
Geration. 23,” x 2%". 
 Renuest Product Data G 235 
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685-708. Partial Contents: Automatic Air 
Traffic Control, E. W. Pike. The Pilot's 
Problems, B. O. Prowse. The Human Engi- 
neering Approach, L. P. Coombes. Safety 
and Regularity in Landing, E. S. Calvert. 
The Australian View, R. W. Cumming. 
Operational Problems in South Africa: The 
Regulatory Authority’s Approach, A. J. 
Roux. 
B. O. A. C. Introduces the Boeing 707. 
The Aeroplane & Astronautics, Jan. 15, 1960, 
72-77, cutaway drawing. Discussion of 
BO AC plans for the operation of new jet air- 
lines. 


American Airlines’ Experience with the 


Boeing 707. M. G. Beard. (SAE Natl. 
Aero. Meeting, New York, Mar. 31-Apr. 3, 
1959, Preprint 62T.) Esso Air World, 
Sept.—Oct., 1959, pp. 36-41. 


Present Use of Aircraft in 
Agriculture. Weick. IAS Natl. Mid- 
western New Frontiers for Aviation, 


Wichita, Nov. 2-4, 1959, Paper 59-149. 
Members, $0.50; nonmembers, $1.00. 11 pp. 
ll refs. Discussion of special design criteria 


for agricultural aircraft, comparison of various 
types in use, and special considerations in 
design and use of dispersing equipment. 


Present and Future Air Potentialities in 
Fire Fighting, Resource Management and 
Protection. C. Ferris. JAS Natl. Midwest- 
ern Meeting on New Frontiers for Aviation, 
Wichita, Nov. 2-4, 1959, Paper 59-148. 
Members, $0.50; nonmembers, $1.00. 19 
pp. Discussion of the role of aviation in 
aerology, agriculture, forest management, and 
forest-fire fighting. 


Seating 
How Comfort Research Designed the 


Seats for NAL’s Electras. A. Peterson. 
Aerotec Ind. Rev., Autumn, 1959, pp. 10, 11. 


Aviation & Space Medicine 
Life Support Systems for Space Vehicles. 


I—Mercury Life Support Systems, R. S. 
Johnston. Aspects of Closed 
Atmospheric Systems, A . Tamas. TI— 
Regenerative Atmosphere Sy stems for Space 
Flight, W. R. Turner. IV—Development and 
Evaluation of Bio-Astronautic Life Support 
Systems, E. L. Hays and R. A. Bosee. UA S 
28th Annual Meeting, New York, Jan. 25-2 
1960.) IAS, SMF Fund Paper No. F 
1960. Members, $1.00; nonmembers, $ 
24 pp. 12 refs. Presentation of the design 
objectives for the Mercury environmental 
control systems. 
suit control system, the cabin control system, 
and the instrumentation are described. Con- 
cepts of operation for orbital flight are included. 
Utilization of the Pilot in the Launch and 
Injection of a Multistage Orbital Vehicle. 
E. C. Holieman, N. A. Armstrong, and W. H. 


Andrews. IAS 28th Annua! Meeting, New 
York, Jan. 25-27, 1960, Paper 60-16. Mem- 
bers, $0.50; nonmembers, $1.00. 27 pp. 


Investigation of the capabilities of the human 
pilot as the primary controller of the launch 
of a multistage vehicle. Effects of vehicle 
inherent stability and damping, and effects of 
the launch-acceleration profile on the task of 
controlling two- and _ four-stage vehicle 
launches are studied. The loss of peripheral 
vision is noted as the primary physiological 
effect of the acceleration environment. 


Special Issue: Space Holding Facilities. 
Asironautics, Feb., 1960, pp. 32-42, 44, 46, 48, 
52, 54, 76, 78, 80, 88, 90. Partial Contents: 
Background to the Spacecrew Holding Facil- 
ity, J. E. Ward and J. G. Wells. The Flight 
Surgeon and the Astronaut, Toby Friedman. 
Psychological Problems of Selection, Holding, 
and Care of Astronauts, S. J. Gerathewohl. 
The Role of Simulators for Spacecrew Train- 
ing, G. A. Eckstrand and M. R. Rockway. 
The Physiologist and the Holding Facility, 
B. W. Pine. Spacecrew Epidemiology, F. L. 
Duff and T. A. Collins. 


High Altitude Protection from Pressure- 
Breathing Mask with Trunk and Lower Limb 
Counterpressure. J. Ernsting, I. D. Green, 
R. E. Nagle, and P. R. Wagner. (Aero Med. 
Assoc. 30th Annual Meeting, Los Angeles, 
Apr. 28, 1959.) Aerospace Med., Jan., 1960, 
pp. 40-48. 


The supplies, the pressure | 


| 
| 
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Whittaker Spring-Energized Gyros are the ideal answer for guidance, stabiliza- 
tion and telemetering applications demanding instant readiness and greater 


reliability at lower cost! 


These instruments are conventional free gyroscopes insofar as the gimbal 
system and the signal generator are concerned. However, they employ a novel 
spring-motor, previously hand-wound, to aceelerate the rotor to operating speed 
—whereupon it disengages itself from the retor and the spinning wheel coasts 


during the useful life of the instrument. 


For short-duration uses of 5 seconds to 5 minutes, (extended operational dura- 
tion with modifications), Whittaker Spring-Energized Gyros provide simple, 
teliable instruments which meet all environmental requirements for missile 
applications, are instant starting and are low enough in cost to be expendable — 
yet are designed to be re-useable for as many as 25 firings. 


Write for Product Brochures by number as indicated under illustrations. 


WHITTAKER GYRO: Leading designer and manu- 
facturer of electromechanical and non-electric 
gyroscopes, including rate gyros, vertical gyros, 
and position gyros. In addition, this Division is 
active in the sub-systems field with stable plat- 
forms, inertial guidance equipment, and auto 
pilots for missiles. 


WHITTAKER CONTROLS: Designs and produces 
aircraft and missile fluid control systems, sub- 
systems and components. WC Products are in 
every production military aircraft and commercial 
airliner. In many of the nation’s missile programs, 
Whittaker is also solving extreme fluid control 
problems. 


MONROVIA AVIATION: Producers of precision air- 
craft structural assemblies, Monrovia Aviation’s 
products are installed on America’s principal mil- 
itary and commercial jet aircraft. This Subsidiary 
also designs and manufactures customized port- 
able air conditioning units for missile ground 
support purposes. 


TELECOMPUTING SERVICES: Skilled in the estab- 
lishment and operation of data processing cen- 
ters, primarily for military and civil agencies of 
the Government. At White Sands Missile Range, 
TSI processes and analyzes missile test data. At 
Vandenberg AFB, this Subsidiary provides data 
processing services for SAC’s 1st Missile Division. 


ELECTRONIC SYSTEMS: Specialists in systems 
management, this Division also designs and man- 
ufactures a wide variety of equipment in the fields 
of electronics and nucleonics for highly classified 
Military Programs. In addition, Electronic Systems 
designs and produces Air Traffic Control equip- 
ment for the Federal Aviation Agency. 


DATA INSTRUMENTS: Leading designer and pro- 
ducer of data reduction systems for ground sup- 
port and range instrumentations. Product line 
includes shaft rotation digital equipment, decom- 
mutators, and other highly complex and special- 
ized instruments for missile and aircraft testing, 
telemetering and in-flight operation. 


ELECTRONIC COMPONENTS: Designs and pro- 
duces components, including magnetic amplifiers, 
transformers, micro-miniature relays, delay lines 
and high temperature ceramic capacitors. These 
reliable components are being selected for instal- 
lation in many of the country’s principal missile 
and space programs. 


COOK BATTERIES: Designers and manufacturers 
of automatically and manually activated silver- 
zinc batteries for specialized missile application. 
These auxiliary power units provide primary or 
secondary electrical power. This subsidiary also 
produces power conversion and other electronic 
apparatus. 


TELECOMPUTING 
CORPORATION 


Los Angeles, California 


Telecomputing Corporation is a unique combina- 
tion of carefully integrated organizations. It is 
staffed with scientific talent of rare ability, created 
for the purpose of managing entire Space Technol- 
ogy and Weapon System Projects. Telecomputing 
is developing advanced concepts in industrial and| 
military control systems. 
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Attitudes of Navy Midshipmen Toward 
Aviation. J. T. Bair. (Aero Med. Assoc. 30ths 
Annual Meeting, Los Angeles, Apr. 29, 1959.) 
Aerospace Med., Jan., 1960, pp. 57-60. Dis- 
cussion of tests on pressure suits which demon- 
strated some of the hazards arising from un- 
tested items, extreme vacuums, and unconven- 
tional use of existing equipment. The results 
also show that an excessively tight-fitting pressure 
suit will render the pilot ineffective. 


Human Factor Aspects of Decompression in 
High Altitude Transport Operations. C. P. 
Sietz and F. Elliott. SAE Natl. Aero. Meeting, 
New York, Mar. 31-Apr. 3, 1959, Preprint 51T. 
7 pp. Review of past experience with respect to 
causes of pressure loss, the effect on passengers, 
remedial practices, and other areas for future 
design attention. 


Factors Relevant to the Development of Air- 
craft Warning and Caution Signal Systems. 
John Van Laer, E. H. Galanter, and Sh. J. 
Klein. (Aero Med. Assoc. 30th Annual Meeting, 
Los Angeles, Apr. 28, 1959.) Aerospace Med., 
Jan., 1960, pp. 31-39. 24 refs. Studies con- 
cluding that there are only three sense modalities 
that show promise as input channels for warning 
and caution signals; namely, vision, audition, 
and cutaneous pressure sensitivity. The visual 
stimuli are poorly suited to serve as alerting 
signals, but are ideally suited to serve as directing 
signals. Auditory and vibratory tactile stimuli 
are well adapted to serve as altering signals, 
but not as directing signals. 


Aeromedical Support of Advanced Fighter- 
Interceptor Weapon Systems. B. A. Strickland, 
r., H. D. Estes, 


. C. Kossuth, and D. 
Stopher. (Aero Med. Assoc. 30th Annual 
Meeting, Los Angeles, Apr. 27, 1959.) Aero- 
space Med., Jan., 1960, pp. 19-30. 19 refs. 


Discussion of current high-altitude operations and 
the problems they generate. Some of these 
include the medical problem of delayed aero- 
otitis media, the material of an altitude protection 
suit compatible with the alert mission, spatial 
disorientation flights, protection from flash 
blindness or retinal burn hazard, adequate 
restraining harness for decelerative accidents, and 
escape capabilities during low-altitude emergen- 
cies. 


Te Hallucinations Plague Test Subjects. 
J. Bulban. Av. Week & Space Tech., Feb. 
To6), pp. 57- -59, 61, 63-65. Presentation of the 
reactions of both non- pilot and experienced jet- 
pilot subjects to long-duration space flight test 

conditions. 

Pitfalls in Interpreting Electrocardiographic 
Changes Occurring While Monitoring Stress 
Procedures. R.G. Hiss, G. B. Smith, and L. E. 
Lamb. Aerospace Med., Jan., 1960, pp. 9-18. 


Chemistry 
Blue Nitric Oxide anes. Ch. A. Barth, 
J. Schade, and J. Kaplan. U. Calif. Inst. 
Geophys. UCLA Sct. Fg 2 (AFCRC TN 59- 


291), Sept., 1958. 6 pp. 


Emission ea of the Oxygen Molecule in 
Laboratory Afterglows and the Night Airglow. 
Ch. A. Barth. U. Calif. Inst. Geophys. UCLA 
Sci. Rep. 1 (AFCRC TN 59-482), Mar., 1958. 83 
pp. 49 refs. 


Computers 


A Universal Pneumatic Multiplier-Divider and 
a Square-Root Extractor. Iu. I. Ivlichev and 
E. M. Nadzhafov. (Avtom. i Telemekh., Nov., 
1958.) Automation & Remote Control, June, 
1959, pp. 977-988. Translation. 


Uber die Stabilitat von Liésungen im Zrane- 
portproblem der ~~ Programmieru: 
Jaromir Abrham. Math. J., No.1, 1958, 
pp. 131-138. In sling Determination of 
the stability of solution for the transport problem 
in linear programming. 


An Analog Computer Realizing Conformal 
an n-th Order Polynomial. V. A. 
Brik and A. Ginzburg. (Avtom. i Telemekh., 
July, 1088) Automation & Remote Control, 
Apr., 1959, pp. 664-672. 10refs. Translation. 


Sequential Output Selector Slows Data Trans- 
mission. T. J. Boyce. Electronic Des., Jan. 20, 
1960, pp. 36-39. Description of a ‘variable- 
scale distributor circuit that enables a smaller 
and simpler data recorder to be tied into a high- 
speed computer with no loss in information. 


A New Group of Codes for Correction of 
Dependent Errors in Data Transmission. C. 
M. Melas. IBM J. Res. & Devel., Jan., 1960, 
pp. 58-65. Description of a class of codes 
having the property of using two groups of parity 
bits, one defining the error pattern and the other 
determining the location of the errors within the 
block, to automatically correct multiple related 
errors of any configuration. 


Design Methods for Maximum Minimum- 
Distance Error-Correcting Codes. J. E. Mac- 
a IBM J. Res. & Devel., Jan., 1960, pp. 


The Construction of a_ Digital-Computing 
System from a Basic Transistor Circuit. P. L. 
Cloot and G. E. Jackson. Electronic Eng., Jan., 
1960, pp. 37-43. 
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A Computer Joins the Flight Crew. Libra- 
cope Tech. Rev., Fall, 1959, pp. 4-13. Applica- 
tion of a computer to navigation problems and 
description of the ASN-24 computer which 
weighs 31 lbs. 


Control Theory 


Transients in Optimal Control Systems. O. M. 
Kryzhanovskii and V. Kuntsevich. (AN 
SSSR Otd. Tekh. Nauk Izv. Energ. i Avtom., 
May-June, 1959, pp. 32-42.) ARS J. Suppl., 
Jan., 1960, pp. 86-92. 13 refs. Translation. 


Choice of a Power Unit for an Optimum 
Automatic Control System. L. N. Fitsner. 
(Avtom. i Telemekh., Dec., 1958.) Automation & 
Remote Control, June, 1958, pp. 1077-1086. 14 
refs. Translation. Description of a method for 
selecting a power unit, using a d.c. motor as an 
example. 

Synthesis of High-Speed Automatic Control 
System Structures. . V. Meerov. (Artom. 
t Telemekh., July, 1958.) Automation & Remote 
Control, Apr., 1959, pp. 611-621. Translation. 


Plotting of Root Loci of Automatic Control 


Systems. N. N. Mikhailov. (Avtom. i Tele- 
mekh., July, 1958.) Automation & Remote 
Control, Apr., 1959, pp. 652-663. 10 refs. 
Translation. Study of analytical, graphical, 


and semigraphical plotting of root loci of auto- 
matic control systems. The use of root finders is 
suggested to simplify the plotting of root loci. 


The Probability of Defective Elements in 


Automatic Control Systems. S. M. Kuznetsov. 
(Avtom. i Telemekh., Dec., 1958.) Automation & 
Remote Control, June, 1959, pp. 1023-1038. 


Translation. 


The Calculation of Transient Responses in Co- 
ordinated Automatic Control Systems. N. L. 
Raikhel’. (Aviom. 4 Telemekh., Nov., 1958.) 
Automation & Remote Control, June, 1959, pp. 
994-1003. Translation. 

Determination of Periodic Behavior of Auto- 
matic Control Systems Containing a Nonlinear 
Element with Broken-Line Characteristic. L.A. 
Gusev. (Aviom. i Telemekh., Oct., 1958.) 
Automation & Remote Control, June, 1959, pp. 
911-925. Translation. 


Sampled Data Control Systems Containing 
Periodically Varying Members. Appendix— 
Formula for Skip-Sampled Z-Transform. Bern- 
ard Friedland. Columbia U. Sch. Eng. Dept. 
Elec. Eng. TR T-39/B (AFOSR TN 59-1215), 
Nov. 12, 1959. 25 pp. 

Concerning the Existence of a Cycle Beyond 
the Absolute Stability Conditions of a Three 
Dimensional System. B. V. Shirokorad. (Aviom. 
t Telemekh., Oct., 1958.) Automation & Remote 
Control, June, 1959, pp. 933-947. 24 refs. 
Translation. Study of the properties of a 
three-dimensional system. A _ nontrivial (in 
particular, periodic) stable regime is examined 
which is beyond the absolute stability conditions 
of a closed-loop system which a neutral object 
and a regulator having a nonlinear speed of control 
reset. 


A New Approach to the Linear Design and 
Analysis of Phase-Locked Loops. Ch. S. Weaver. 
IRE Trans., SET Ser., Dec., 1959, pp. 166- 
178. USAF-supported ‘analysis of the phase- 
locked loop as a conventional feedback loop. 
The root-locus method yields graphs which 
specify how the transient response changes with 
signal strength. 


Some Novel Roles for the Relay. I. R. N. 
Auger. Auto. Control, Jan., 1960, pp. 15-18 
Discussion of the use of relays for signal dis- 
crimination and _ proportional amplification. 
Methods are reviewed by which relays can be 
used to produce proportional outputs, linear and 
nonlinear in contrast to the commonly-held view 
of relays as switching devices exclusively. 


On Servo Systems Containing Two Pulse 
Elements with Unequal Repetition Periods. Fan 
Chun-Wui. (Aviom. i Telemekn., Oct., 1958.) 
Automation & Remote Control, June, 1959, pp. 
897-910. Translation. 

On the Limiting Speed of Action of Servo 
Systems with Power, Moment and Rate Limita- 
tions on the Executive Elements. E. A. Rozen- 
man. (Aviom. i Telemekh., July, 1958.) Auto- 
mation & Remote Control, ‘Apr., 1959, pp. 622- 
644. Translation. 

The Influence of the Layout and Dynamic 
Characteristics of Servomechanisms on the 
Temperature Conditions of Separately Excited 
d.c. Servomotors Used in the Servomechanisms. 


A. Frigyes. Periodica Polytech., Elec. Eng. 
Ser., No. 2, 1957, pp. 131-153. 
Electronics 
Amplifiers 
An Operational Amplifier with a Differential 
Input. B. Smolov. (Avtom. & Telemekh., 
Dec., 1958.) Automation & Remote Control, 


June, 1959, pp. 1115-1120. Translation. De- 
scription by block schematics of amplifiers capable 
of simulating, due to specially designed input and 
feedback circuits, the greatest part of integro- 
differential relationships, 
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Automatic Zero Drift Compensation in Electro- 


metric Amplifiers. D. E. Polonnikov. (Aviom, 
t Telemekh., July, 1958.) Automation & Remote 
Control, Apr., 1959, pp. 673-682. Translation. 


Study of automatic compensation of zero drift 
in electrometric amplifiers. The sources of 
error with such compensation are shown, and 
methods of eliminating them are cited. 


Antennas, Radomes 


Design of Directional 
Jr., and R. O. Rowlands. A J., Dec., 1959, 
pp. 1638-1643. Analysis Bn AE. the prob- 
lem of design of arrays using the least number of 
elements necessary for determining the direction 
of a source of radiation. The design of a line 
array is considered from the standpoint of 
information theory, then nonlinear operations 
are applied to obtain high directionality, particu- 
larly in the noiseless case. Finally, the methods 
of linear processing for minimizing error due to 
noise are compared with each other. 


Effect of Antenna Size on Gain, Bandwidth, and 
Efficiency. R. F. Harrington. J. Res., "Sect, 
D - RP, Jan.-Feb., 1960, pp. 1-12. 


Evaluation of Errors Arising in the Theory of 
Antennae Due to the Use of Geometrical Optics, 
K. Bochenek. Acad. Pol. Sci. Bul., Tech. Sci. 
Ser., No. 10, 1959, pp. 589-592. 

Current on an Infinitely Long Cylindrical 
Antenna. H.H. Kuehl. CIT AL TR23 (AFOSR 
TN 59-1168), Oct., 1959. 9 pp. 


RSW Antenna Mates UHF Radar to AEW 
Planes. E. H. Flath and E. G. Keiffer. Space/ 
Aeronautics, Feb., 1960, pp. 151, 152, 154, 157, 
Description of the retarded-surface-wave antenna 
and its advantages for airborne UHF radar. 
Data obtained in tests of 1/12- and 1/6-scale 
models are given. 


Paraballoon Antennas—New Space Tool 
Ch. D. LaFond. Missiles & Rockets, Jan. 11 
1960, pp. 21-25. Description of a lightweight, 
collapsible antenna to serve as a radio-energy 
reflector in space. Basically an _ air-inflated 
balloon made of a flexible fabric, it is precisely 
shaped and coated to provide a high-gain parabo- 
loidal reflector in one inner portion of the skin— 
the remainder essentially being a window, 
transparent to r-f energy. Applications and 
environmental conditions to be encountered are 
discussed. 


A Very-Low-Frequency Antenna for Investigat- 
ing the Ionosphere with Horizontally Polarized 
Radio Waves. R. S. Macmillan, 
Rusch, and R. M. Golden. J. Res., Sect. ‘D- 
RP, Jan.-Feb., 1960, pp. 27-35. 12 refs. 


Brown, 


Circuits & Components 


How to Determine Circuit Response with Two 
Time Constants. R.S. Muller. Electronic Des, 
Apr. 29, 1959, pp. 18-21. 


Multiple Diversity with Nonindependent 
Fading. J. . Pierce and S. Stein. JRE 
Proc. , Jan., 1960, pp. 89-104. 19refs. Extension 
of previous analyses of diversity techniques to 
include the performance of an optimum (maximal 
ratio) combiner in the case of nonindependent 
signal fading fluctuations for an arbitrary numbet 
of diversity branches. 


The Ferreed—A New Switching Device. A 
Feiner, C. A. Lovell, T. N. Lowry, and P. G. 
Ridinger. Bell System Tech. J., Jan., 1960, pp 
1-30. Description of a switching device having 
the following properties: (a) sealed metallic 
contacts, (b) control times in the microsecond 
range, (c) coincident selection, (d) memory 
without holding power, and (e) small size. 


Communications 


Satellite for Commercial Communica 
tions. J.R. Pierce. [AS 28th Annual Meeting, 
New York, Jan. 25-27, 1960, Paper 60-40 
Members, $0. 50; nonmembers, $1.00. 11 Pp. 
Discussion of a ‘planned communication expeft 
ment involving a 100-ft. balloon satellite. Care 
ful propagation measurements to disclose any ut 
usual propagation phenomena and to detect aly 
departure of the satellite from a smooth spheri 
shape, transmission of voice signals in both 
directions, and the use of a maser receiver aft 
planned. 


Construction Techniques 


Developments in Etched Circuits. E. D. 
Olson. Elec. Mfg., Feb., 1960, pp. 95-101. 36 
refs. Review of development in the design d 
etched circuits. Materials, techniques, ald 
associated components are discussed. 


Miniaturization and Micro-Miniaturizationi 
New Techniques Offering Increased Reliability. 
G. W. A. Dummer. Wireless World, Dec., 195% 
pp. 545-549. 13 refs. 


Microelectronics—A New Concept in Packag 
ing. LL.D. Shergalis. Electronic Des., Apt. 29, 
1959, pp. 32-49. Discussion of latest techniques 
processes, and current status of the work il 


An Epoxy-Resin System 
mbedments. B. H. Mueller and@ 
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Samarium-145, Samarium-153, Gadolinium-153. 
Scientists at the General Motors Research Laboratories began three 
o-eneray ea oe years ago to measure and re-evaluate the nuclear characteristics 


precisely 


precisely of these rare earth isotopes — their half-lives, photon emissions, 
thermal neutron cross sections, 

ions and ; 

tered are 


2S). bs Conclusion: the radioisotopes had attractive possibilities in industrial 
and medical radiography, emitting almost pure gamma rays or 
X-rays (photons) in the low energy range of 30 to 100 kev. 


The transition from research to hardware came through two key 
with Twg developments. First, cermet pellets were fabricated using only a few 
a eee we : ; milligrams of the rare earth oxides. Then the irradiated pellets 
were packaged in special bullet-size holders. 


hniques to 
(maximal 


onl — ‘an The resulting small, sealed radiographic sources are now being 

ry number field and laboratory tested. Two excellent applications: “inside-out” 
checks of hollow shapes inaccessible to X-ray tubes, and radiography 
“000, of thin steel sections and low density materials such as 

metal aluminum or human bone. For example, a recent medical 

memory a milestone was a chest radiograph of a living person made with 

1ze. 


a Sm153 source. The portable exposure unit to shield the source 
weighed only 18 pounds. 


Device. A. 


Yommunica 

sper 00-4 Hil : This isotope radiography program is but one example of the work under- 

tion expat ee way in GM Research’s modern isotope laboratory — work that means, 

lose any through science, “more and better things for more people.” 
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Attitudes of Navy Midshipmen Toward 
Aviation. J. T. Bair. (Aero Med. Assoc. 30ths 
Annual Meeting, Los Angeles, Apr. 29, 1959.) 
Aerospace Med., Jan., 1960, pp. 57-60. Dis- 
cussion of tests on pressure suits which demon- 
strated some of the hazards arising from un- 
tested items, extreme vacuums, and unconven- 
tional use of existing equipment. The results 
also show that an excessively tight-fitting pressure 
suit will render the pilot ineffective. 


Human Factor Aspects of Decompression in 
High Altitude Transport Operations. C. 
Sietz and F. Elliott. SAE Natl. Aero. Meeting, 
New York, Mar. 31-Apr. 3, 1959, Preprint 51T. 
7 pp. Review of past experience with respect to 
causes of pressure loss, the effect on passengers, 
remedial practices, and other areas for future 
design attention. 


Factors Relevant to the Development of Air- 


craft Warning and Caution Signal Systems. 
John Van Laer, E. H. Galanter, and Sh. J. 
Klein. (Aero Med. Assoc. 30th Annual Meeting, 


Los Angeles, Apr. 28, 1959.) Aerospace Med., 
Jan., 1960, pp. 31-39. 24 refs. Studies con- 
cluding that there are only three sense modalities 
that show promise as input channels for warning 
and caution signals; namely, vision, audition, 
and cutaneous pressure sensitivity. The visual 
stimuli are poorly suited to serve as alerting 
signals, but are ideally suited to serve as directing 
signals. Auditory and vibratory tactile stimuli 
are well adapted to serve as altering signals, 
but not as directing signals. 

Aeromedical Support of Advanced Fighter- 
Interceptor Weapon Systems. B. A. Strickland, 
Jr., H. D. Estes, L. C. Kossuth, and D. R. 


Stopher. (Aero Med. Assoc. 30th Annual 
Meeting, Los Angeles, Apr. 27, 1959.)  Aero- 
space Med., Jan., 1960, pp. 19-30. 19 refs. 


Discussion of current high-altitude operations and 
the problems they generate. Some of these 
include the medical problem of delayed aero- 
otitis media, the material of an altitude protection 
suit compatible with the alert mission, spatial 
disorientation flights, protection from flash 
blindness or retinal burn hazard, adequate 
restraining harness for decelerative accidents, and 
escape capabilities during low-altitude emergen- 
cies. 

Vivid Hallucinations Plague Test Subjects. 
E. J. Bulban. Av. Week & Space Tech., Feb. 
1960, pp. 57-59, 61, 63-65. Presentation of the 
reactions of both non-pilot and experienced jet- 
pilot subjects to long-duration space flight test 
conditions. 

Pitfalls in Electrocardiographic 
Changes Occurring While Monitoring Stress 
Procedures. R. G. Hiss, G. B. Smith, and L. E. 
Lamb. Aerospace Med., Jan., 1960, pp. 9-18. 


Chemistry 
Nitric Oxide Ch. A. Barth, 
J. Schade, and J. Kaplan. U. Calif. Inst. 


Tieden UCLA Sci. Rep. 2 (AFCRC TN 59- 
291), Sept., 1958. 6 pp. 


Emission sa of the Oxygen Molecule in 
gg A re and the Night Airglow. 

Ch. rth. Calif. Inst. Geophys. UCLA 
Sci. CAFCRC TN 59-482), Mar., 1958. 83 
pp. 49 refs. 


Computers 


A Universal Pneumatic Multiplier-Divider and 
a Square-Root Extractor. Iu. I. Ivlichev and 
E. M. Nadzhafov. (Avtom. t Telemekh., Nov., 
1958.) Automation & Remote Control, June, 
1959, pp. 977-988. Translation. 


Uber die Stabilitat von Lésungen im ae 
portproblem der ‘finearen Programmieru 
Jaromir Abrham. ch. Math. J., No.1, 195 
pp. 131-138. In German. Determination of 
the stability of solution for the transport problem 
in linear programming. 


An Analog Computer Realizing Conformal 
Mapping for an m-th Order Polynomial. V. A. 
Brik and S. A. Ginzburg. (Avtom. i Telemekh., 
July, 1958.) Automation & Remote Control, 
Apr., 1959, pp. 664-672. 10refs. Translation. 


Sequential Output Selector Slows Data Traus- 
mission. T. J. Boyce. Electronic Des., Jan. 20, 
1960, pp. 36-39. Description of a variable- 
scale distributor circuit that enables a smaller 
and simpler data recorder to be tied into a high- 
speed computer with no loss in information. 


A New Group of Codes for Correction of 
Dependent Errors in Data Transmission. C. 
M. Melas. J Res. & Devel., Jan., 1960, 
pp. 58-65. Description of a class of codes 
having the property of using two groups of parity 
bits, one defining the error pattern and the other 
determining the location of the errors within the 
block, to automatically correct multiple related 
errors of any configuration. 


Design Methods for Maximum Minimum- 
Distance Error-Correcting Codes. J. E. Mac- 
—— IBM J. Res. & Devel., Jan., 1960, pp. 
43-57. 


The Construction of a_Digital-Computing 
System —_ a Basic Transistor Circuit. P. L. 
Cloot and G. E. Jackson. Electronic Eng., Jan., 
1960, pp. 37-43. 
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A Computer Joins the Flight Crew. Libra- 
cope Tech. Rev., Fall, 1959, pp. 4-13. Applica- 
tion of a computer to navigation problems and 
description of the ASN-24 computer which 
weighs 31 Ibs. 


Control Theory 


Transients in Optimal Control Systems. O. M. 
Kryzhanovskii and V. Kuntsevich. (AN 


SSSR Otd. Tekh. Nauk Izv. Energ. i Avtom., 
May-June, 1959, pp. 32-42.) ARS J. Suppl., 
Jan., 1960, pp. 86-92. 13 refs. Translation. 


Choice of a Power Unit for an Optimum 
Automatic Control System. L. N. Fitsner. 
(Avtom. i Telemekh., Dec., 1958.) Automation & 
Remote Control, June, 1958, pp. 1077-1086. 14 
refs. Translation. Description of a method for 
selecting a power unit, using a d.c. motor as an 
example. 

Synthesis of High-Speed Automatic Control 
System Structures. M. V. Meerov. (Aviom. 
i Telemekh., July, 1958.) Automation & Remote 
Control, Apr., 1959, pp. 611-621. Translation. 


Plotting of Root Loci of Automatic Control 


Systems. N. N. Mikhailov. (Avtom. i Tele- 
mekh., July, 1958.) Automation & Remote 
Control, Apr., 1959, pp. 652-663. 10 refs. 
Translation. Study of analytical, graphical, 


and semigraphical plotting of root loci of auto- 
matic control systems. The use of root finders is 
suggested to simplify the plotting of root loci. 


The Probability of Defective Elements in 
Automatic Control Systems. S. M. Kuznetsov. 
(Avtom. i Telemekh., Dec., 1958.) Automation & 
Remote Control, June, 1959, pp. 1023-1038. 
Translation. 


The Calculation of Transient Responses in Co- 
ordinated Automatic Control Systems. N. L. 
Raikhel’. (Aviom. # Telemekh., Nov., 1958.) 
Automation & Remote Control, June, 1959, pp. 
994-1003. Translation. 


Determination of Periodic Behavior of Auto- 
matic Control Systems Containing a pounees 
Element with Broken-Line Characteristic. ¥.* 
Gusev. (Aviom. i Telemekh., Oct., 19585) 
Automation & Remote Control, "June, 1959, pp. 
911-925. Translation. 

Sampled Data Control Systems Containing 
Periodically Varying Members. Appendix— 
Formula for Skip-Sampled Z-Transform. Bern- 
ard Friedland. Columbia U. Sch. Eng. Dept. 
Elec. Eng. TR T-39/B (AFOSR TN 59-1215), 
Nov. 12, 1959. 25 pp. 

Concerning the Existence of a Cycle Beyond 
the Absolute Stability Conditions of a Three 
Dimensional System. B. V. Shirokorad. (Aviom. 
t Telemekh., Oct., 1958.) Automation & Remote 
Control, June, 1959, pp. 933-947. 24 refs. 
Translation. Study of the properties of a 
three-dimensional system. A _ nontrivial (in 
particular, periodic) stable regime is examined 
which is beyond the absolute stability conditions 
of a closed-loop system which a neutral object 
and a regulator having a nonlinear speed of control 
reset. 


A New Approach to the Linear Design and 
Analysis of Phase-Locked Loops. Ch. S. Weaver. 
IRE Trans., SET Ser., Dec., 1959, pp. 166- 
178. USAF-supported analysis of the phase- 
locked loop as a conventional feedback loop. 
The root-locus method yields graphs which 
specify how the transient response changes with 
signal strength. 


Some Novel Roles for the Relay. I. R. N. 
Auger. Auto. Control, Jan., 1960, pp. 15-18 


Discussion of the use of relays for signal dis- 
crimination and proportional amplification. 
Methods are reviewed by which relays can be 
used to produce proportional outputs, linear and 
nonlinear in contrast to the commonly-held view 
of relays as switching devices exclusively. 

On Servo Systems Centalnion, Two Pulse 
Elements with Unequal! Repetition Periods. Fan 
Chun-Wui. (Aviom. i Telemekn., Oct., 1958.) 
Automation & Remote Control, June, 1959, pp. 
897-910. Translation. 

On the Limiting Speed of Action of Servo 
Systems with Power, Moment and Rate Limita- 
tions on the Executive Elements. E. A. Rozen- 
man. (Avtom. i Telemekh., July, 1958.) Auto- 
mation & Remote Control, Apr., 1959, pp. 622- 
644. Translation. 

The Influence of the Layout and Dynamic 
Characteristics of Servomechanisms on the 
Temperature Conditions of Separately Excited 
d.c. Servomotors Used in the Servomechanisms. 


A. Frigyes. Periodica Polytech., Elec. Eng. 
Ser., No. 2, 1957, pp. 131-153. 
Electronics 
Amplifiers 
An Operational Amplifier with a Differential 
Input. B. Smolov. (Avtom. Telemekh., 
Dec., 1958.) Automation & Remote Control, 


June, 1959, pp. 1115-1120. Translation. De- 
scription by block schematics of amplifiers capable 
of simulating, due to specially designed input and 
feedback circuits, the greatest part of integro- 
differential relationships. 


Automatic Zero Drift Compensation in Electro- 


metric Amplifiers. D. E. Polonnikov. (Aviom, 
t Telemekh., July, 1958.) Automation & Remote 
Control, Apr., 1959, pp. 673-682. Translation. 


Study of automatic compensation of zero drift 
in electrometric amplifiers. The sources of 
error with such compensation are shown, and 
methods of eliminating them are cited. 


Antennas, Radomes 


Design of Directional Arrays. J. L. Brown, 
Jr., and R. O. Rowlands. SA J., Dec., 1959, 
pp. 1638-1643. Analysis considering the prob- 
lem of design of arrays using the least number of 
elements necessary for determining the direction 
of a source of radiation. The design of a line 
array is considered from the standpoint of 
information theory, then nonlinear operations 
are applied to obtain high directionality, particu- 
larly in the noiseless case. Finally, the methods 
of linear processing for minimizing error due to 
noise are compared with each other. 


Effect of Antenna Size on Gain, Bandwidth, and 
Efficiency. R. F. Harrington. Res., "Sect, 
D - RP, Jan.-Feb., 1960, pp. 1-12. 


Evaluation of Errors Arising in the Theory of 
Antennae Due to the Use of Geometrical Optics, 
K. Bochenek. Acad. Pol. Sci. Bul., Tech. Sci. 
Ser., No. 10, 1959, pp. 589-592. 

Current on an Infinitely Long Cylindrical 
Antenna. H.H. Kuehl. CIT AL TR23(AFOSR 
TN 59-1168), Oct., 1959. 9 pp. 

RSW Antenna Mates UHF Radar to AEW 
Planes. E. H. Flath and E. G. Keiffer. Space/ 
Aeronautics, Feb., 1960, pp. 151, 152, 154, 157. 
Description of the retarded-surface-wave antenna 
and its advantages for airborne UHF radar. 
Data obtained in tests of 1/12- and 1/6-scale 
models are given. 


Paraballoon Antennas—New Space Tool 
Ch. D. LaFond. Missiles & Rockets, Jan. 11, 
1960, pp. 21-25. Description of a lightweight, 
collapsible antenna to serve as a radio-energy 
reflector in space. Basically an _ air-inflated 
balloon made of a flexible fabric, it is precisely 
shaped and coated to provide a high-gain parabo- 
loidal reflector in one inner portion of the skin— 
the remainder essentially being a window, 
transparent to r-f energy. Applications and 
environmental conditions to be encountered are 
discussed. 


A Very-Low-Frequency Antenna for Investigat- 
ing the Ionosphere with Horizontally Polarized 
Radio Waves. R. S. Macmillan, W. V. T. 
Rusch, and R. M. Golden. J. Res., Sect. D - 
RP, Jan.-Feb., 1960, pp. 27-35. 12 refs. 


Circuits & Components 
How to Determine Circuit Response with Two 


Time Constants. R.S. Muller. Electronic Des., 
Apr. 29, 1959, pp. 18-21. 


Multiple Diversity with Nonindependent 
Fading. J. N. Pierce and S._ Stein. 
Proc., Jan., 1960, pp. 89-104. 19refs. Extension 


of previous analyses of diversity techniques to 
include the performance of an optimum (maximal- 
ratio) combiner in the case of nonindependent 
signal fading fluctuations for an arbitrary number 
of diversity branches, 


The Ferreed—A New Switching Device. A. 
Feiner, C. A. Lovell, T. N. Lowry, and P. G. 
Ridinger. Bell System Tech. J., Jan., 1960, pp. 
1-30. Description of a switching device having 
the following properties: (a) sealed metallic 
contacts, (b) control times in the microsecond 
range, (c) coincident selection, (d) memory 
without holding power, and (e) small size. 


Communications 


Satellite arene for Commercial Communica- 


tions. J. R. Pierce. [AS 28th Annual Meeting, 
New York, Jan. 25-27,° 1960, Paper 60-40. 
Members, $0. 50; nonmembers, $1.00. 11 pp. 


Discussion of a ‘planned communication expefi- 
ment involving a 100-ft. balloon satellite. Care 
ful propagation measurements to disclose any ual 
usual propagation phenomena and to detect any 
departure of the satellite from a smooth spherical 
shape, transmission of voice signals in bot 
directions, and the use of a maser receiver are 
planned. 


Construction Techniques 


Derelegeeats in Etched Circuits. E. D. 
Olson. Elec. Mfg., Feb., 1960, pp. 95-101. 36 
refs. Review of development in the design of 
etched circuits. Materials, techniques, 4m 
associated components are discussed. 


Miniaturization and Micro- Miniaturization; 
New Techniques Offering Increased Reliability. 
G. W. A. Dummer... Wireless World, Dec., 1959 
pp. 545-549. 13 refs, 


Microelectronics—A New Concept in Packag- 
ing. L. D. Shergalis. Electronic Des., Apt-, 2% 
1959, pp. 32-49. Discussion of latest techniques, 
processes, and current status of the work in 
microminiaturization. 


An Improved Epoxy-Resin System fot 
Electronic Embedments. B. H. Mueller and C. 
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Samarium-145, Samarium-153, Gadolinium-153. 


ae a : Scientists at the General Motors Research Laboratories began three 

energy a 1 a years ago to measure and re-evaluate the nuclear characteristics 
bere. labs ; of these rare earth isotopes — their half-lives, photon emissions, 
thermal neutron cross sections, 

red are 


Conclusion: the radioisotopes had attractive possibilities in industrial 
estigat- 


nlarized and medical radiography, emitting almost pure gamma rays or 
X-rays (photons) in the low energy range of 30 to 100 kev. 


The transition from research to hardware came through two key 
ith Two : ae S developments. First, cermet pellets were fabricated using only a few 
milligrams of the rare earth oxides. Then the irradiated pellets 
penta were packaged in special bullet-size holders. 
ques to 
inl Pa | The resulting small, sealed radiographic sources are now being 
number field and laboratory tested. Two excellent applications: “inside-out” 
ve A ee | ; checks of hollow shapes inaccessible to X-ray tubes, and radiography 
960, of thin steel sections and low density materials such as 
metal ' / aluminum or human bone. For example, a recent medical 
rosecon 


memory fi é' » : milestone was a chest radiograph of a living person made with 
a a Sm1!53 source. The portable exposure unit to shield the source 
weighed only 18 pounds. 


munica- 

—— This isotope radiography program is but one example of the work under- 

n experi — ’ way in GM Research’s modern isotope laboratory — work that means, 

any through science, “more and better things for more people.” 
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A. Harper. Elec. M/fg., Feb., 1960, pp. 119-122. 
Evaluation of liquid anhydride curing resins. 
It is noted that the compound can be applied at 
temperatures up to 200°C., as well as at low 
temperatures. Comparative test data are in- 
cluded. 


Cooling 


Cyrogenics Boost Infrared Detection. 
Geddes. Aircraft & Missiles, Jan., 1960, pp. 
36, 37. Description of an open cycle cooling 
system using liquid nitrogen, which makes possible 
the detection of lower temperature subjects and 
permits the operation of infrared detectors in the 
more optimum transmission spectra portion of the 
atmosphere. 


Philip 


Dielectrics 


Some Investigations on Dielectric Aerials. 
V. . Rama Rao. Indian Inst. Sci. J., 
Sect. B, Oct., 1959, pp. 23-29. Calulation of the 
propagation constants for the HE; mode as a 
function of the dielectric constant and diameter of 
a dielectric rod aerial, and graphical presentation 
of the variations. 


Magnetic Devices 


A High-Speed Microwave Switch Using the 
Faraday-Rotation Effect in Ferrites. Appendix 
I—Quarter Wave Transformer Steps. R. G. 
Guttridge. Gt. Brit., RAE TN G.W. 521, Aug., 
1959. 32 pp. 

Proizvodstvo i Svoistva Metallokeramiche- 
skikh Zhelezo-Nikel’-Aliuminievkyh Magnitov. 
P. A. Gladyshev and V. L. Memelov. AN SSSR 
Otd. Tekh. Nauk Izv. Metall. i Toplivo, July-Aug., 
1959, pp. 106-110. In Russian. Study covering 
the method of fabrication and the cermet prop- 
erties of aluminum-nickel-iron magnets. 


Issledovanie Mekhanicheskikh i Magnitnykh 
Svoistv Zhelezo-Nikel’-Aliuminievykh Splavov 
dlia Postoiannykh Magnitov. A. A. Shelakov. 
AN SSSR Otd. Tekh. Nauk Izv. Metall. i Toplivo, 
July-Aug., 1959, pp. 88-98. In Russian. Study 
of the mechanical properties of Fe-Ni-Al and 
Fe-Ni-Al-Cu alloys, including the effect of such 
additives as S, Ti, and Li on the mechanical 
and magnetic properties of these alloys. 


Measurement & Testing 


Correlation Between Fading Signals; Instru- 
ment for Determining Correlation Coefficient. 
y Bell. Electronic Tech., Jan., 1960, pp. 36- 


Noise, Interference 


Radiation Patterns ot the Noise Emission from 
a Gaseous Discharge. Nick George. CIT AL 
TR 22 (AFOSR TN 59-1101), Oct., 1959. 29 
pp. 15 refs, 

Noise Stability of Telemetry Signal Trans- 
mission on Channels with Noise Fluctuations. 

A. Kashirin and G. A. Shastova. (Avtom. i 
Telemekh., Aug., 1958.) Automation & Remote 
Control, May, 1959, pp. 746-758. Translation. 
Study of the potential noise stability of trans- 
mission parameters under amplitude, frequency, 


pulse-time, pluse-width, and pulse-code modula- 
tion. 


Determination of the Amplitude-Probability 
Distribution of Atmospheric Radio Noise from 
Statistical Moments. W. Q. Crichlow, C. J. 
Roubique, A. D. Spaulding, and W. M. Beery. 
J. Res., Sect. D - RP, Jan.-Feb., 1960, pp. 49-56 


Oscillators, Signal Generators 


The Effect of a Cathode Impedance on the 
equa Stability of Linear Oscillators. C. T. 

— IRE Proc., Jan., 1960, pp. 80-88. 15 
reis 


_Piezoelectricity 
Variation in Ferroelectric Characteristics of 
Lead Zirconate Titanate Ceramics Due to Minor 


Chemical Modifications. Robert Gerson. J. 
Appl. Phys., Jan., 1960, pp. 188-194. 15 refs. 


Power Supplies 


New DC Power Design; Magnetic Amplifier- 
Transistor Regulation Prevents ‘‘Overshoots.’’ 
George Mousel. Missile Des. & Devel., Dec., 
1959, pp. 36, 37. 

Rectifiers and Magnetic Amplifiers 

J. O'Neill. Elec. Mfg., Feb., 1960, pp. 140- 
las. Discussion covering waveforms and char- 
acteristics of power control devices consisting of 
magnetically gated silicon-controlled rectifiers. 
The combination provides flexibility, small 
size, and reliability in the control of many power 
systems. Typical applications are given. 

Design Techniques for Static Inverters. II. 
A. A. Sorensen. Elec. Mfg., Feb., 1960, pp. 
84-94. 35 refs. Presentation of design methods 
for drive, power, and filter subcircuits of a 
semiconductor inverter. 
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Radar 


Single Radar Echo Pinpoints Targets. D. B. 
Anderson. Space/Aeronautics, Jan., 1960, pp. 
167, 168, 172-184 (ff.). 

Acceleration Ranging: Distance from 
Passive Detector. C . Townsend and 

. O. Sisson. Space RL Feb., 1960, 
pp. 139-143. Description of a method for 
obtaining range using a passive detector and 
own-vehicle motion sensors. Equations that 
have to be solved by the vehicle's fire control 
computer are derived and numerical examples are 
given. 

Transient and Steady-State Processes in an 
Automatic Range Indicator. I—Description of 
the Device’s Functioning and Use of the Appara- 
tus of Step Functions in the Analysis of Indicator 
Processes. F. M. Kilin. (Avtom. i Telemekn., 
Oct., 1958.) Automation & Remote Control, 
June, 1959, pp. 881-896. 13 refs. Translation. 

New Ferrite Phase Shifter Paves Way for 
Intertialess Scanning Radar. II. F. E. Good- 
win and T. A. Nussmeier. Space/ Aeronautics, 
Jan., 1960, pp. 150-155. Review of design 
methods for applying ferrite phase shifters to an 
X-band radar. 


Semiconductors 


Vliianie Osveshcheniia na Kontaktnyi Poten- 
tsial Nekotorykh Poluprovodnikov. I. A. Akimov. 
AN SSSR Dokl., Oct. 1, 1959, pp. 691-694. 20 
refs. In Russian. Study of the effect of mono- 
chromatic illumination on the variation of 
contact potential of certain semiconductors. 

K Termodinamike Tverdykh Rastvorov Neko- 
torykh Poluprovodnikovykh Sistem. V. N 
Romanenko and V. I. Ivanov-Omskii. AN SSSR 
Dokl., Nov. 21, 1959, pp. 553-555. In Russian. 
Description of thermodynamic studies of some 
solid solutions for certain semiconducting systems. 


Telemetry 


New Principles of Constructing Telemetry 
Systems with Pulse-Time and buieo- Width 
Modulation. V. A. Il'in and A. I. Novikov. 
(Avtom. i Telemekh., Aug., 1958.) Automation 
& Remote Control, ‘May, 1959, pp. 741-745. 
Translation. 


Coding and Decoding Devices in Pulse-Code 
Telemetering Systems. Ia. A. Kupershmidt 
(Avtom. i Telemekh., Sept., 1958.) Automation & 
Remote Control, June, 1959, pp. 858-868. 15 refs. 
Translation. Survey of conversion methods from 
voltage and current to binary pulse codes, and 
vice versa. 


Concerning the Noise Stability of Pulse- 
Frequency Telemetry. V. Pozin. (Avtom 
t Telemekh., Oct., 1958.) Automation & Remote 
Control, June, 1959, pp. 948-956. Translation 


Analysis using the mean error and the mean- 
square error as criteria of noise stability. The 
method of signal ‘‘discretization’’ is used in the 
study, and design formulas for the evaluation 
of noise stability are deduced. 


Efficiency of Using Frequency Bands in Tele- 
metering. R. Vasilev. (Avtom. i Telemekh., 
Dec., 1958.) Automation & Remote Control, 
June, 1959, pp. 1039-1041. Translation. 


Deltamodulation for Cheap and Simple Tele- 
metering. F. K. Bowers. JRE Trans., SET 
Ser., Dec., 1959, pp. 205-208. Description of a 
simple binary pulse transmission method that 
can be readily adapted to transmit d.c. signal 
levels. It is particularly useful where only a 
few channels are to be sent, and where one per 
cent accuracy suffices 


Telemetering in Missile Flight Evaluation. 
J. Stinson. Auto. Control, Jan., 1960, pp. 38-40 
Description of various telemetering systems and 
their operation. 


An Interplanetary Communication System. 
G. E. Mueller and J. E. Taber. JRE Trans., 
SET Ser., Dec., 1959, pp. 196-204. Description 
of a telemetering system which minimizes the 
airborne power required and utilizes the effective 
channel capacity efficiently. 


Transmission Lines 


Surface-Wave Resonance Effect in a Reactive 
Cylindrical Structure Excited by an Axial Line 
Source. A. L. Cullen. J. Res., Sect. D - RP, 
Jan.—Feb., 1960, pp. 13-19. 


Wave Theory 


Waves on a Filamentary Electron Beam in a 
Transverse-Field Slow-Wave Circuit. A. E. 
Siegman. J. Appl. Phys., Jan., 1960, pp. i7- 
26. 11 refs. USAF-supported research. 

Matrix Form of the Equations of Propagation in 
an Anisotropic Medium with a Constant Magnetic 
Field. P. Szulkin. Acad. Pol. Sci. Bul., 
Tech. Sci. Ser., No. 10, 1959, pp. 581-587. 

O Diffraktsii Elektromagnitnykh Voln na Polose 
Konechnoi_ Shiriny. G. . Grinberg. AN 
SSSR Dokl., Nov. 11, 1959, pp. 295-298. In 
Russian. Derivation of a solution for the prob- 
lem of diffraction of electromagnetic waves on a 
band of finite width. Application is made of a 
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previously developed method for the solution of 
Fredholm-type integral equations. 


Height Errors in Radar Measurements Due to 
Propagation Petr Beckmann. Acta 
Technica, No. 6, 1958, pp. 471-488. Study of 
errors arising from the fact that the refractive 
index of air is a function of height. Procedures 
narrowing the limits of the height error are 
discussed. 


An Exact Earth-Flattening Procedure in 
Propagation Around a Sphere. B. Y.-C. Koo 
and Martin Katzin. J. Res., Sect. D - RP, 
Jan.-Feb., 1960, pp. 61-64. Analysis showing 
that existing solutions of the approximate equa- 
tions can be reevaluated to yield the exact solu- 
tions for slightly different refractive index 
distributions. 


Space-to-Ground Transmissions Beyond the 
Line-of-Sight Distance. Janis Jalejs. IRE 
Trans., SET Ser., Dec., 1959, pp. 179-185. 
23 refs. Study of radio-wave transmission from 
above the maximum-intensity ionospheric layer 
to ground surface locations beyond the direct 
line-of-sight distance. 


Radio Transmission by Ionospheric and Trop- 
ospheric Scatter. I—Ionospheric Scatter Trans- 
mission. JRE Proc., Jan., 1960, pp. 4-29, 
49 refs. Discussion including theories of scat- 
tering from the D-region, experimental observa- 
tions of propagation characteristics, and design 
of scatter communication circuits. 


Radio Transmission by Ionospheric and Trop- 
ospheric Scatter. II—Long-Range Tropospheric 
Transmission. JRE Proc., Jan., 1960, pp. 30-44, 
43 refs. Discussion including a review of trop- 
ospheric propagation theories, experimental 
observations of propagation characteristics, 
design of tropospheric communication circuits, 
and fields of application. 


Tropospheric Scatter Propagation and Atmos- 
pheric Circulations. W. F. Moler and D. B. 
Holden. J. Res., Sect. D - RP, Jan.-Feb., 
1960, pp. 81-93. 15 refs. Study of the meteoro- 
logical factors which appear to control the electro- 
magnetic scattering mechanism, and presentation 
of an operational method for prediciting the 
direction and relative magnitude of signal level 
change. 


Equipment 


Interior Industry. I—Airliner Furnishings, 
Fittings and Finishes: British Equipment Re- 
viewed. II—Transport Interiors; the Art and 
Engineering of Furnishing an Airliner. Molly 
Neal. Flight, Jan. 22, 1960, pp. 105-114. 


Hydraulic & Pneumatic 


Special Issue: Designers Guide Issue. Appl. 
Hydraulics & Pneumatics, Jan., 1960, pp. 89- 
282. Detailed guide to product selection, as 
well as industrial and aviation products intro- 
duced in 1959. 


» nes Leakage from Hydraulic Systems. 

. Q. Sharpe. Lubrication Eng., Jan., 1960, 
<A 12-18. Survey covering design and mainte- 
nance tips for preventing leaks in hydraulic 
systems. 


Issledovanie Iaveniia Gidrozashchemleniia 
Plunzhernykh Par. T. M. Bashta and s A. 
Nikitin. MVO SSSR VUZ Izv. Av. Tekh, 


No. 2, 1959, pp. 83-94. In Russian Study 
covering the phenomenon of ‘hydraulic chocking’ 
of plunger couples in aircraft hydraulic equip- 
ment. 


Fuels & Lubricants 


The Effects of Kerosene Type Fuels on the 
Design and Operation of a Jet Transport. F. K. 
Brunton and J. C. Deweese. SAE Natl. Aero. 
Meeting, New York, Mar. 31-Apr. 3, 1959, 
Preprint 47R. 14 pp. Discussion of the fol- 
lowing fuel properties as they affect design: 
freeze point, viscosity, water solubility, vapor 
pressure, heat of combustion, and weight, as 
well as properties affecting elastomers. Some 
problems in operation include control of fuel 
quality, sump checks, fuel anti-icing, fuel tem- 
perature, fuel filtration, refueling, and related 
equipment. 

A Derivation of the Basic Equations for Hydro 
dynamic Lubrication with a Fluid Having Con- 
stant Properties. H. G. Elrod. Quart. Appl. 
Math., Jan., 1960, pp. 349-359. Application of 
small ‘parameter techniques to derive Reynolds’ 
lubrication equations, and refinements thereof, 
from the Navier-Stokes equation. 


Lubricating X-15’s Hot Bearings. F. R. 
Watson and A. L. Ludwig. Aircraft & Missiles, 
Feb., 1960, pp. 60-62. Presentation of a lubrica- 
tion chart for the X-15 and evaluation of lubri- 
cants under bearing-load levels of 26,000 psi at 
400° to 550°F. 

Current Trends in Storable Propellants. J. 
Silverman and A. S. Greene. SAE Nail. Aero. 
Meeting, New York, Mar. 31-Apr. 3, 195% 
Preprint 59R. 18 pp. Discussion of the 
requirements for storable fuels and exa amination 
of the performance of several such fuels. Re 
search in the field tends toward the formulation 
of “tailored”? mixtures for very specific applica- 
tions, the development of new metallic and 10m 
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Shafer Aircraft Bearings are today specified as standard 
on all classes of aircraft and missiles. In many of these 
applications the special advantages of Shafer Standard 
Series have solved difficult problems. However, Shafer 
Engineering has developed the modified bearings shown 
on this page to meet specific and unique application prob- 
lems. With more specialized bearing experience than any 
other group in the industry, it stands ready to offer you 
promptly and confidentially the same assistance in select- 


ing the right bearing...standard or modified...for your 
application. 


1. Rod End With Weldable Shank 
2. High-Temperature Torque Tube Bearing 
3. Male Rod End With Special Milled Slot 
4. 800° F. Missile Control Bearing 
5. High Capacity Within Special Envelope Dimensions 
6. Torque Tube Bearing With Extended Inner Race 
7. Missile Bearings in Connecting Link 
8. Rotary Head Pitch Control Bearing 
9. Male Rod End Aileron Differential 
10. Wing Flap Assembly Bearing 
11. Eyebolt Male Rod End 
12. Aileron Control Rods 
13. Offset Link Rudder Actuator 
14. Large I.D. Eyebolt Rod End 
15. Modified for Housing Valve Assembly 
16. Hinge Fitting Flap Support Bearing 
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Senior 
Dynamics Engineer 


We have a position available for a Senior Dy- 
namics Engineer for work involving dynamics 
problems on basic and applied programs related to 
aircraft, missiles, space vehicles, ships, drilling 
systems, weapons effects, etc. 


We are expanding our programs and are looking 
for a Senior Dynamics Engineer with creative 
know-how and imagination. You will have the 
opportunity to work on a variety of problems in 
one of the country’s largest independent industrial 
research organizations. Candidates should have 
an M.S. or Ph.D. degree with research experience 
desirable. 


Picturesque San Antonio enjoys a year round 
healthful climate. You and your family will en- 
joy the casual out-of-door living in the Alamo 
City. 


Please send complete resume and salary require- 
ments to: 


R. C. Mays, Director of Personnel 
Southwest Research Institute 
8500 Culebra Road 
San Antonio 6, Texas 


When you write to manufacturers 


whose advertising appears in 


Aero/Space Engineering 


it will be 
of interest to the companies 
and of benefit to the Institute if you 


mention that you saw it in 


Aero/Space Engineering 


Aero/Space Engineering 


April 1960 


IAS PAPERS 


7th Anglo-American Aeronautical Conference 
New York, October 5-7, 1959* 


1AS MEMBER PRICE—$0.50 


NONMEMBER PRICE—$1.00 


59-127 Instrumentation for Space Science Research—John W. Townsend, Jr. 

59-128 Aircraft Fatigue—A Survey of Current Thought—R. J. Atkinson 

59-129 Study of Stability and Control Characteristics of Atmosphere-Entry Type 
Aircraft Through Use of Piloted Flight Simulators—B. Y. Creer, D. R. 
Heinle, and R. C. Wingrove 

59-130 Engines for VTOL Aircraft—H. Pearson 

59-131 The Work of the Blind Landing Experimental Unit—W. J. Charnley 

59-132 Design Philosophy for High Acceleration and Temperature—B. O. Heath 

59-133 Interactions Between the External Flow and Rocket Exhaust Nozzle— 
Carl F. Schueller 

59-134 Flying Qualities Associeted with Several Types of Command Flight 
Control Systems—S. A. Sjoberg 

59-135 Unresolved Civil Airworthiness Problems—Water Tye 

59-136 Research and Development Program for Future Air Traffic Control Systems 
—Alden C. Packard 

59-137 Tigenetmnenies and Heat Flow Analysis by Lagrangian Methods—M. A. 

jot 

59-138 The Behavior of Supersonic Boundary Layers in the Presence of Shock 
Waves—G. E. Gadd and D. W. Holder 

59-140 The Technical Development of the DHC-4 Caribou Utility STOL Aircraft— 
R. D. Hiscocks 

59-141 a Studies of Satellite Orbits—E. C. Cornford, D. G. King-Hele, and 

. Merson 

59-142 The Future of Automatic Control of Fixed Wing Aircraft—G. A. Whitfield 

59-143 Re-Entry Studies in Free Flight Ranges—G. V. Bull 

59-144 Some Considerations of Shape and Control for Hypersonic Vehicles— 
H. Metcalfe 

59-145 Blind Take-Off and Landing Considerations for Present and Future Air- 


craft—N. C. Harnois and G. H. Stocker 


National Summer Meeting, Los Angeles, 
June 16-19, 1959 


IAS MEMBER PRICE—$0.50 NONMEMBER PRICE—$1.00 


59-85 The Analysis of Redundant Structures by the Use of High-Speed Digital 
Computers—Walter J. Crichlow and Gernot W. Haggenmecher 
59-86 Aircraft Load and Temperature Design Criteria Through Simulation and 
Random Processes—J. E. Martin, M. L. Richards, W. W. Kitts, and W. W. 
oy 
59-87 Stability of Flat, Simply Supported, Corrugated Core Sandwich Plates Under 
Combined Longitudine! Compression and Bending, Transverse Compres- 
sion and Bending, and Shear—Leonard A. Harris and Richard R. Auel- 
mann 
59-88 Analysis of Low-Aspect-Ratio Aircraft Structures—Charles H. Samson, Jr., 
and Heinrich W. Bergmann 
59-89 The Speeesl Design of Maximum-Area Astronautical Vehicles—George 
. Hoffman 
59-96 The Central Problem of Large-Scale Power Generation in Space—Waste 
Heat Disposal—P. M. Diamon 
59-98  Piloted Entries Into the Earth's Atmosphere—John M. Eggleston and Donald 
C. Cheatham 
59-99 Electrical Primary Flight Control Systems—F. Gene Keyt 


59-100 An Adaptive System for Control of the Dynamic Pertormance of Aircraft 
and Spacecraft—H. Philip Whitaker 

59-102 RADFAC—A Radiating Facility for Flight Line Testing of Airborne Elec- 
tronic Equipment—Byron Wanty 

59-105 The Recombination Problem in a Jet Exhaust Nozzle—William G. Browne 

59-106 Correlation Between the Sound Power Spectrum of a Free Jet and Its Aero- 
dynamic Characteristics—R. Lee and J. Wenzelberger 

59-107 Wind Tunnel Tests of Shrouded Propellers and Their Application—Robert 
K. Wattson, Jr., and Vernon O. Hoehne 

59-108 A Survey of the Analysis and Design Problems of Integral Propellant Tanks— 
Ivan Rattinger and Richard H. Gallagher 

59-110 The Strain Analysis of Solid Propellant Rocket Grains—M. L. Williams 

59-113 High Altitude Hypervelocity Flow over Swept Blunt Glider Wings—M. 
Creager 

59-116 Design of Efficient, Seif-Trimming Wing Mean Surfaces for Conventional 
Supersonic Aircraft—L. J. Kulekowski, R. T. Stancil, T. Dansby, and 
J. D. Stewart 

59-117 Theoretical and Experimental vemantinn of Second-Order Supersonic 
Wing-Body Interference—M. Landehl, G. Drougge, and B. Beane 

59-120 Soviet Education in Aeronautics—Leon Trilling 

59-124 Synthesis and Flight Test of a Ballistic Missile-Adeptive Flight Control 
System—Ordway B. Gates, Jr., and Orrin C. Kaste 

59-126 Rocket-Powered Capsule for Aero-Medical Research and Space Crew In- 
doctrination— N. V. Petersen 

FF-22 Methods of Boundary-Layer Control for Postponing and Alleviating Buffet. 

ing and Other Effects of Shock-Induced Separation—H. H. Pearcey en 
C. M. Stuart (Member Price, $1.50; Nonmember Price, $3.00) 


Order by number from: Special Publications Dept., 
IAS, 2 E. 64th St., New York 21, N.Y: 


| 
| 
ae 
| 
| 
| 
| 
| 
| 
| 
| 
} 
| 
| 
| 
| 
| 
| 
| 
| 
gave 
| 
5 
é 
| 
- | 
| 
| 
| 


metallic materials for use with corrosive liquids, 
as well as the development of new passivation 


techniques. 
Liquid Oxygen Report. A. J. Zaehringer. 
=e GSE, Dec., 1959-Jan., 1960, pp. 63, 64, 66, 67. 
Discussion of properties and handling qualities 
of liquid oxygen. 
ce 
* 
? Gliders 
00 The Dynamics of the Winch Launch. Harold 
Drew. Soaring, Dec., 1959, pp. 4-6. Discus- 
sion of the equipment required and the take-off 
procedures used, 
lype 
R. Instruments 
Menace of the Silent Noise. Knox Johnson 
and Wayne Taylor. CEC Recordings, Fall, 
1959, pp. 18, 19. Description of test instru- 
leath mentation to check-out the Snark guidance for 
le— excess radio noise. 


Stabilized Torque Magnetometer. W. F. 
light Archenhold, A. C. Brown, and J. E. Thompson. 
J. Sci. Instr., Dec., 1959, pp. 505, 506. Develop- 
ment of a torque magnetometer which enables 
measurements of torque to be made with high 


stems precision and under conditions of complete sta- 
bility. 
A. A. 
hock Flight Instruments 
Industry Pushes Work on Low Altitude Radar 
raft— Altimeter. James Holahan. Space/ Aeronautics, 
Feb., 1960, pp. 134-136, 138. Discussion of 


, and current low-altitude absolute altimeter designs 
and developments, covering quantized and un- 
quantized FM-CW phase-CW, pulse radar, and 
itfield sonic types. Step error is explained and a table 
giving data on eleven altimeters is presented. 


les— 


Flow Measuring Devices 


Air- 
Ob Odnoi Skheme Termoanemometra. Iu. F. 
Anan’ev. MVO SSSR VUZ Izv. Av. Tekh., 
No. 3, 1959, pp. 130-135. In Russian. Descrip- 
tion of a study using hot wire anemometer for 
measuring the projection of the transient velocity 
les, vector at a point in the flow. 
Gyroscopes 
Ob Ustoichivosti Odnoi Giroskopicheskoi 
Sistemy. I. Z. Pirogov. Prikl. Mat. i Mekh., 


Digital i Nov.-Dec., 1959, pp. 1134-1136. In Russian. 
q Application of a previously developed method to 
derive the Liapunov function for the differential 


n and equations describing the stability of a gyroscopic 
W. system. 
Ob Ustoichivosti Dvizheniia Giroskopa s 
anime Kardanovym Podvesom. L. M. Markhashov. 
Aad: AN SSSR Otd. Tekh. Nauk Izv. Mekh. i Mashino- 
2 str., Sept.-Oct., 1959, pp. 79-83. In Russian. 
Presentation of a method for determining the 
yn, maximum variation of the nutation angle @ 
as affected by the value of the perturbed constants 
Seorge of motion. The definition is based on the solution 
of a certain system of inequalities. 
-Waste K Dinamike Giroskopa s Dvumia Stepeniam 
Svobody. M. Z. Litvin-Sedoi. AN SSSR 
Donald Otd. Tekh. Nauk Izv. Mekh. i Mashinostr., Sept.- 
Oct., 1959, pp. 72-78. In Russian. Study of 
the dynamic behavior of gyroscopes with two 
degrees of freedom. The conditions leading 
Aircraft to the generation of false signals in the case of 
arbitrary linear and angular displacements of the 
e Elec- body are investigated. 
Recording Equipment 
Midas, a Flight Data Recorder. I/nteravia, 
-Robert Jan., 1960, p. 92. Description of a recorder that 
can deal with any coding, either FM, PWM, 
Fantom digital, or direct recording, so that all forms of 
data handling are present in one equipment. 
1gs—M. Temperature Measuring Devices 
entional Connection Between the Flame Temperature 
oy, and Measured by Optical Means and by Other 
Methods. P. Vlasov. (AN SSSR_ Otd. 
personic Tekh. Nauk Izv. Energ. i Avtom., May-June, 
1959, pp. 100-103.) ARS J. Suppl., Jan., 1960, 
pp. 83-85. Translation. Study of the use of 
optical methods (line reversal and infrared 
Control Pyrometry) to measure the temperature of tur- 
bulent flames. A connection is found between 
Crew In- the mean thermodynamic temperature and the 
temperature obtained by optical data. 
K Ispol’zovaniiu Termopar dlia Issledovaniia 
1g Buffet. Perekhodnykh Temperaturnykh Rezhimov v 
reey an Gazoturbinnykh Ustanovkakh. N.N. Ogorodni- 
kov. MVO SSSR VUZ Izv. Av. Tekh., 
No. 3, 1959, pp. 146-151. In Russian. Descrip- 
tion of a method for using thermocouples to 
1, NY measure transient thermal processes in gas 
7 NT turbines. 


Wy 


Machine Elements 


Bearings 


Raschet Podderzhivaiushchei Sily Vozdushnogo 
Podshipnika Skol’zheniia pri Otsutstvii Vrashche- 
niia. I. V. Miroliubov and V. M. Shashin. 
MVO SSSR VUZ Izv. Av. Tekh., No. 2, 1959, 
pp. 25-32. In Russian. Calculation of the 
cushioning effect in air lubricated journal bear- 
ings in the absence of rotation. 


Friction 


Vliianie Poverkhnostno-Aktivnykh Smazok 
na Soprotivlenie Sdvigu pri Trenii. I. S. Aveti- 


sian and G. I. Epifanov. AN SSSR_ Dokl., 
Oct. 11, 1959, pp. 973-976. 17 refs. In 
Russian. Description of tests made to de- 


termine the effect of surface-active lubricants on 
the resistance to shear of metal surfaces subjected 
to friction. 

K Otsenke Vliianiia Poverkhnostno-Aktivnoi 
Smazki na Deformatsiiu Poverkhnostei pri 
Trenii. V. D. Evdokimov and A. S. Radchik. 


AN SSSR Dokl., Oct. 1, 1959, pp. 713, 714. 
In Russian. Determination of the effect of 
surface-active lubricants on the deformation of 
surfaces during friction. 


Seals 


Fluid Sealing in Extreme Environments. A. 
A. LePera. SAE Natl. Aero. Meeting, New York, 
Mar. 31-Apr. 3, 1959, Preprint 50U. 11 pp. 
12 refs. Discussion of the elastomers available 
for seals and the related design criteria for various 
fluid systems and their respective environments. 


Materials 


Ceramics & Ceramals 


Refractory Nonmetals for Use in Hypersonic 
Aircraft. J. M. Nowak. SAE Natl. Aero. 
Meeting, New York, Mar. 31—-Apr. 3, 1959, 
Preprint 56S. 15 pp. USAF-sponsored studies 
of ceramic and graphite materials for hot spot 
areas and refractory inorganic materials as ther- 
mal insulants. 


the best is good enough. 


For further information, write to: 


April 1960 


STILLMAN RUBBER COMPANY 


CULVER CITY, CALIF. / CLEVELAND, OHIO / ENGLEWOOD, N. J. 


Still-Seal Gaskets for static sealing, and Permadized Seals for quasi-static 
sealing, are exclusive Stillman products which are specified for dependable 
sealing in the aircraft and missile industries. Dependability of design, engi- 
neering, and manufacturing are the assurances built into every Stillman 
product. Where dependability counts — on the ground, in 
the air, or in outer space — Stillman seals meet all speci- 
fications for those difficult sealing applications where only 
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Failure Mechanisms of Propellant 
Nozzles. Y. Baskin, T. A. Greening, and. M. J. 
Kemp. Am. Ceram. Soc. ‘Bul., Jan., 7060, pp. 
14-17. Evaluation of 25 materials as nozzle 
inserts in rocket motors. Failure mechanisms 
were determined using chemical, microscopic, 
and X-ray diffraction analyses. 


Corrosion & Protective Coatings 


Der Korrosionswiderstand, insbesondere die 
Korrosionsermiidung nitrierter Titanstaéhle. M. 
Toméry. Periodica Polytech., Eng. Ser., No. 
4, 1958, pp. 291-308. 13 refs. In German. 
Study covering the corrosion resistance, in par- 
ticular, the corrosion fatigue of titanium steels. 


High Temperature 


New Design Approaches Needed for Silica- 
Phenolic Ablation Materials. C. S. Brown. 
Space/Aeronautics, Jan, 1960, pp. 110-113. 
Discussion of design properties of Astrolite 
silica-phenolic ablation material. Fiber orienta- 
tion, density, and resin content must be considered 
to take full advantage of inherent ablation ma- 
terial properties. 


Industry Tests Reveal the Best Plastics for 
Rockets and Re-Entry. Aircraft & Missiles, Feb., 
1960, pp. 40-43. Discussion of the physical 
and chemical aspects of ablation. Research 
results on phenolic and phenolic-silicone resins 
and on reinforcing agents are evaluated. 


Metals & Alloys 


Metallurgical Challenge of Missilery. 
W.S.Lyman. Battelle Tech. Rev., Jan., 1960, pp. 
3-7. Discussion of environmental factors such 
as temperature, loads, configuration, service 
life, and chemical media as they affect missile 
design. The factors in selecting alloys are 
examined and include strength properties, resist- 
ance to heat and chemical attack, fabricability, 
and cost considerations. 


Materials Selection for the Hydrogen Rocket. 
Lionel Arcand. Aircraft & Missiles, Jan., 1960, 
pp. 32-35. Discussion of materials for service 
in a temperature range of —423° to 5,500° F. 
AISI 347 was chosen for rocket exhaust-cooling 
tubes because of high ductility at low tempera- 
tures and excellent brazing ability. The need 
for data on plastic strain at low temperatures is 
also discussed, and test results are presented for 
rare materials. 


O Prirode Izmenenii Modulia Iunga pri 
Termicheskoi Obrabotke Odnofaznykh Splavov 
na Osnove Nikelia. V. K. Kritskaia, G. V. 
Kurdiumov, and Iu. A. Osip’ian. AN SSSR 
Dokl., Nov. 21, 1959, pp. 550-552. In Russian. 
Study of the nature of variations of Young’s 
modulus induced by the heat-treatment of single- 
phase nickel alloys. 


O Vliianii Tsiklicheskogo Nagruzheniia na 
Strukturu Deformirovannykh Chistykh Metallov. 
M. Ia. Gal’perin, E. P. Kostiukova, and B. M. 
Rovinskii. AN SSSR Otd. Tekh. Nauk Izv. 
Metall. i Toplivo, July-Aug., 1959, pp. 82-87. 
10 refs. In Russian. Description of experi- 
ments made to determine the effect of cyclic 
loading on the structure of pure metals under 
stress. 


Static and Fatigue Strength of Metals Sub- 
jected to Triaxial Stresses. W.M. Lehrer and H. 
Schwartzbart. JAS 28th Annual Meeting, New 
York, Jan. 25—27, 1960, Paper 60-12. Members, 
$0.50; nonmembers, $1.00. 15 pp. 14 refs. 
Quantitative determination of the static and 
fatigue strength of silver-brazed butt joints 
subjected to triaxial stresses. Relationships 
between the appearance of the fracture surfaces 
and the mechanical properties are drawn, where 
possible. 


Which Metals for High Temperature Struc- 
tures? V. D. Barth and H. R. Ogden. Space/ 
Aeronautics, Jan., 1960, pp. 129, 131, 133-138 
(ff.). Discussion of refractory metals and their 
alloys, superalloys, and high-strength steels, 
covering their possible applications to high- 
performance structural design. Data on the 
relationships of physical and mechanical proper- 
ties and on fabrication are given. 


The Development of Refractory Sheet Metal 
Structures. A. V. Levy and S. E. Bramer. 
SAE Natl. Aero. Meeting, New York, Mar. 31- 
Apr. 13, 1959, Preprint 56T. 39 pp. Discus- 
sion of the physical and mechanical properties 
of molybdenum. Included are the problems of 
brittle-ductile transition temperatures and lami- 
nations. Fabricability, weldability, and coatings 
for oxidation resistance are also discussed. 


Designing with AM-350 and AM-355 High 
Strength Stainless. T. H. McCunn. Space 
Aeronautics, Feb., 1960, pp. 79, 80, 84—94 (ff.). 
Discussion inciuding mechanical properties, 
various heat treatments, and details of new cold- 
rolled tempers. 
Zharoprochnost’ Zhelezo-Khromo-Aliuminie- 
vogo Splava No. 2 pri Temperaturakh 600—1200°. 
S. Mikheev. AN SSSR Otd. Tekh. Nauk 
Izv. Metall. i Toplivo, July-Aug., 1959, pp. 66-72. 
In Russian. Experimental investigation of the 
heat resistance of an aluminum-chromium-iron 
alloy at temperatures between 600° and 1,200°C. 
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Issledovanie Vysokotemperaturnoi Polzuchesti 
Nikelevykh Tverdykh Rastvorov Metodom. 
Goriachei Tverdosti. K. A. Osipov and Tian’ 
De-Chen. AN SSSR Otd. Tekh. Nauk Iszv. 
Metall. i Toplivo, July-Aug., 1959, pp. 77-81. 
In Russian. Investigation of the thermal creep 
of solid nickel solutions, covering the effect of 
alloying elements and including a description of 
the experimental method used. 


Metals & Alloys, Nonferrous 


The Atmospheric Stress-Corrosion Resistance 
of Some Forged High Strength Aluminium Alloys 
and an Assessment of the Effects of a Step- 
Quench Into Molten Salt. W. M. Doyle and 
R. G. Jones. Aero. Quart., Nov., 1959, pp. 
297-318. 15 refs. 

Magnesium and Aircraft Engineering. A. J. 
Kennedy and A. R. Sollars. Aircraft Eng., 
Jan., 1960, pp. 16-22. Discussion of the metal- 
lurgical, mechanical, fabricating, and corrosion 
properties of magnesium 


Manufacture of Titanium. R. L. Preece. 
Shell Av. News, Nov., 1959, pp. 8-11. Dis- 
cussion of production methods, properties, and 
applications of titanium 


Vliianie Legiruiushchikh Elementov na Kor- 
rozionnoe i Elektrokhimicheskoe Povedenie 
Titana. V. V. Andreeva and V. I. Kazarin. 
AN SSSR Dokl., Oct. 1, 1959, pp. 748-751. 
20 refs. In Russian. Study of the effect of 
added elements on the corrosion resistance and 
electrochemical behavior of alloyed titanium. 


Nekotorye Voprosy Teorii Zharoprochnosti i 
Razrabotka Novykh Titano- 


vykh Splavov. I. I. Kornilov. AN SSSR Otd. 
Tekh. Nauk Isv. Metall. i Toplivo, July- Aug., 
1959, pp. 190-199. 40refs. In Russian. Study 


covering certain aspects in the theory of heat 
resistance and the development of new titanium 
alloys. 

O Vzaimosviazi Mezhdu Tverdost’iu na 
Vdavlivanie i Modulem Normal’noi Uprugosti 
Titanovykh Splavov pri Povyshennykh Tempera- 


turakh. S. G. Fedotov and V.S. Mikheev. AN 
SSSR Dokl., Oct. 11, 1959, pp. 933-936. In 
Russian. Determination of the _ relationship 


between indentation hardness and normal elas- 
ticity of titanium alloys at high temperatures. 


Nonmetallic Materials 


Adhesives—Still Lots of Potential for Aero- 
space Structures. Aircraft & Missiles, Feb., 
1960, pp. 34-37. Survey of properties of various 
organic adhesives. The discussion includes the 
following: use of inorganic additives to increase 
heat resistance, the effects of the surface being 
bonded on deterioration of the adhesive, and the 
effect of fabrication variables on the strength of 
the joint. 


Norair Proposes All-Plastic Rocket. F. G. 
McGuire. Missiles & Rockets, Feb. 8, 1960, 
pp. 25, 28, 29. Discussion of the use of plastics 
in rocketry, emphasizing their heat resistance. 
Thermal stability points of some polymers, some 
properties of laminates, and the thermal proper- 
ties of some space materials are tabulated. 


Testing Methods 


Evaluating ha -Strength Steels Under Com- 
plex Loading. E A. Loria. Mach. Des., 
Feb. 4, 1960, pp. 120-125. Description of tests 
evaluating the properties of steels under biaxial 
stresses. The significance of notch tests and burst 
tests is discussed, and a test for studying the 
crack-propagation resistance of high-strength 
steels is introduced 


Anisotropic Effects in Testing Plastics. Hil- 
ding Hégberg. Ericsson Tech., No. 2, 1959, pp. 
317-341. 10 refs Presentation of a technique 
for the measurement of anisotropy in different 
materials and of the influence of molding con- 
ditions on anisotropy 


Mathematics 
Algebras 
Measures on Boolean Algebras. J. L. Kelley. 
Pacific J. Math., Winter, 1959, pp. 1165-1177. 


Study concerning the existence of measures on 
Boolean algebras that are strictly positive—i.e., 
measures which vanish only at the zero element of 
the algebra. 


Differential Equations 


The W.K.B. Method for the Differential 
Equations of the Fourth Order. Tomoyuki 
Saito and Isao Oshida. Phys. Soc. Japan J., 
Dec., 1959, pp. 1816-1819. 

An Improvement of the WKB Method in the 
Presence of Turning Points and the Asymptotic 
Solutions of a Class of Hill Equations. Haruo 
Moriguchi. Phys. Soc. Japan Dec., 1959, 
pp. 1771-1796. 22 refs. Development of a 
method of successive approximations to express 
the asymptotic solutions of a linear second-order 
differential equation 


April 1960 


O  Periodicheskikh Resheniiakh Sistemy 
Nelineinykh Differentsial’nykh Uravnenii 5 
Nedifferentsiruemymi Pravymi Chastiami. Iu. 
A. Mitropol’skii. AN SSSR Dokl., Oct. 21, 
1959, pp. 1118-1121. In Russian. Derivation 
of periodic solutions for a system of nonlinear 
differential equations with nondifferentiable 
right-hand members. 


Nekotorye Geometricheskie Priznaki Edin- 
stvennosti Resheniia Zadachi Dirikhle dlia 
Sil’no Ellipticheskikh Sistem Differentsial’nykh 
Uravnenii s Chastnymi Proizvodnymi Vtorogo 
Poriadka. L. M. Kuks. MVO SSSR VUZ 
Izv. Matemat., No. 3, 1959, pp. 168-172. In 
Russian. Analysis of the uniqueness of solu- 
tion of the Dirichlet problem for strongly ellipti- 
cal systems of differential equations with second- 
order partial derivatives. 

O Nekotorykh Osnovnykh Svoistvakh Re- 
sheniia Kraevykh Zadach dlia Differentsial’nykh 
Uravnenii v Chastnykh Proizvodnykh Parabo- 
licheskogo Tipa. Rudol’f Vyborny. Czech. 
Math. J., No. 4, 1958, pp. 537-551. 13 refs 
In Russia Determination of certain basic 
characteristics of the solution of bound: ary prob- 
lems for differential equations in partial deriva- 
tives of the parabolic type. 

On Continuation of Boundary Values for 


Partial Differential Operators. H. O. Cordes. 
Pacific J. Math., Winter, 1959, pp. 987-1011 


Functions & Operators 


O Poriadke Priblizheniia Funktsii Lineinymi 
Polozhitel’nymi Operatorami. R. G. Mamedoy. 
AN SSSR _ Dokl., Oct. 1, 1959, pp. 674-676 
In Russian. Analysis covering the order of 
approximation of functions by means of linear 
positive operators. 


Matrices 


Positive Real Matrices. Louis Weinberg and 
Paul Slepian. J. Math. & Mech., Jan., 1960, 
pp. 71-83. Study considering real rational 
functions of the complex variable s = o + fw and 
symmetric matrices, each of whose elements is a 
real rational function. 


Numerical Analysis 


Primenenie Metoda Funktsional’nogo Inte- 
grirovaniia k Postroeniiu Fundamental’nogo 


Resheniia Uravneniia Fokkera-Planka-Kol- 
mogorova. A. A. Beilinson. AN SSSR Dokl., 
Oct. 11, 1959, pp. 876-879. In Russian Ap. 


plication of the method of functional integration 
to the construction of the fundamental solution 
of Focker-Plank-Kolmogorov equation. 


Tables for Use in Quadrature Formulas In- 
volving Derivatives of the Integrand. George 
Struble. Math. Comp., Jan., 1960, pp. 8-12. 
Army-supported research. 


Quadrature Formulas Involving Derivatives of 
the Integrand. P.C. Hammer and H. H. Wicke. 
Math. Comp., Jan., 1960, pp. 3-7. Army-sup- 
ported research. 

On the Numerical Integration of a Kind of 
Multiple Integrals. Pan Cheng-Tung. Sci. 
Rec., Nov., 1959, pp. 534-537. 

Some Theorems on Objects. 
Lian You-Dong. Sci. Rec., Nov., 1959, pp. 
525-530 


On the Convergence and Summability of 
Trigonometrical Series and Series of Orthog- 
onal Polynomials. Chen Kien-Kwong. Scientia 
Sinica, Nov., 1959, pp. 1271-1294. 23 refs. 


A Method for the Numerical Evaluation of 
Finite Integrals of Oscillatory Functions. 1. 
M. Longman. Math. Comp., Jan., 1960, pp. 
53-59. 


Physical Applications 


Matematicka Teorie Informace. Albert Perez. 
Aplikace Matematiky, No. 1, 1958, pp. 1-21. 
24refs. In Czechoslovak. Derivation of a solu- 
tion for the first basic problem in the theory of 
elasticity for the case of eccentric rings. 


Ob Usloviiakh Sushchestvovaniia Periodi- 
cheskogo Resheniia Konechno - Raznostnykh 
Uravnenii. G. Ia. Karasik. MVO SSSR VUZ 
Izv. Matemat., No. 4, 1959, pp. 70-79. 10 
refs. In Russian. Presentation of criteria on 
the existence of periodic solution for the system 
of finite-difference equations, and definition of 
conditions for the conservation of periodic solu- 
tion in the transition from the system of dif- 
ferential equations to the corresponding system of 
difference equations. 


O Vychislenii Nekotorykh Singuliarnykh 
Integralov s Iadrom Tipa Koshi. G. N. Pyk 
teev. Prikl. Mat. i Mekh., Nov.-Dec., 1050, 
pp. 1074-1082. 13 refs. In Russian. Deriva- 
tion of formulas leading to the calculation of cer- 
tain singular integrals with a kernel of the Cauchy 
type encountered in aerodynamjc problems, as 
well asin the theory of elasticity and filtration. 

O Matritsakh, Kommutiruiushchikh so Svoel 
Proizvodnoi. Iu. S. Bogdanov and G. } 
Matemat., 


Chebotarev. MVO SSSR VUZ Izv. 
No. 4, 1959, pp. 27-37. 10 refs. In Russian. 
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WITH HIGH 


With new Hamilton Standard flight control—combining autopilot, amplifier- 


coupler in one package—Sikorsky $-61 cruises, climbs and hovers “hands off” 


An advanced flight control, designed and built by 
Hamilton Standard in cooperation with Sikorsky Air- 
craft, helps make the S-61 the “brightest” helicopter 
flying today. It is the first helicopter flight control to 
combine an autopilot and amplifier-coupler in one 
package, and gives the S-61 completely automatic 
control for any pre-set flight mode, plus automatic 
stabilization for all flight regimes—yaw, pitch, roll, 
or collective. 

The unit itself is fully transistorized; employs re- 
dundant circuitry for reliability and has separate 
plug-in modules. Compact and lightweight, this new 
control is typical of the sound design and engineering 
that Hamilton Standard is applying to a variety of 
projects in the flight control field. 


ADAPTIVE FLIGHT CONTROLS for re-entry bodies, 
space-probes and -gliders are now in advanced stages 
of study at Hamilton Standard. This program in- 
volves the development of a self-adaptive system 
that will not only compensate for aerodynamic 
changes, but will also compensate for failure of its 
own components. 


ee CERE BELLUM’ 9 of the S-61's automatic stabilization and flight control system 


MISSILE FLIGHT CONTROL. Hamilton Standard 
has also created a new concept in digital flight con- 
trol and guidance systems for advanced missiles. This 
system offers significant reductions in weight and 
component complexity. 


FLIGHT CONTROL is just one of the many areas 
of electronics in which Hamilton Standard is working 
today. The company’s experience also includes in- 
strumentation, electrical control, and static power 
conversion. These activities, plus the technologies 
developed in producing electronic controls for en- 
vironmental conditioning systems, starters, turbine 
and rocket fuel controls, propellers, and ground sup- 
port equipment, establish Hamilton Standard as a 
dependable source of widely diversified electronics 
capabilities. 


FOR COMPLETE INFORMATION on how Hamilton 
Standard Electronics can go to work for you, phone 
or write: Hamilton Standard Electronics Department, 
50 Main St., Broad Brook, Connecticut. 


is this compact control unit, designed and built by Hamilton 


Standard. It has separate plug-in modules which are completely interchangeable in any of 
the four major channels. The control takes inputs from pilot command settings, flight para- 
meter sensors, and sonar coupler signals. Error signals for yaw, pitch, roll, and collective 
pitch are computed and plified to drive the craft's hydraulic flight-control actuators. 


HAMILTON STANDARD 


DIVISION OF UNITED AIRCRAFT CORPORATION 


WINDSOR LOCKS, CONNECTICUT 


SOME OF THE MANY FIELDS OF GROWTH AT HAMILTON STANDARD 


GROUND SUPPORT EQUIPMENT. Hamilton 
Standard is presently producing a wide 
range of GSE for both missiles and air- 
craft—from special tools to complete systems. 


April1960 + Aero/Space Engineering 79 


ENGINE CONTROLS for over 20,000 air- 
craft gas turbines have been produced by 
Hamilton Standard. The company’s latest con- 
trol work involves advanced rocket engines. 


for space vehicles and such advanced air- 
craft as the B-58, 880, B-70 are important 
aspects of Hamilton Standard diversification. 
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Analysis covering the structure of matrices com- 
mutating with their derivatives. Two basic 
theorems are presented, and several particular 
cases illustrating their application are cevered. 


An Implicit, Numerical Method for Solving 
the Two-Dimensional Heat Equation. G. A. 
Baker, Jr., and T. A. Oliphant. Quart. Appl. 
Math., jan., 1960, pp. 361-373. Exact soluticn 
for the linear case of the full two-dimensional set 
of implicit equatiens, and extension of the method 
to nonlinear equations and nonrectangular re- 
gions by the use of an iterative scheme to solve 
the implicit equations. 

O Raznostnom Reshenii Uravneniia Teplo- 
provodnosti v Krivolineinykh Koordinatakh. 
N. N. Ianenko, V. A. Suchkov, and Iu. Ia. 
Pogodin. AN SSSR Dokl., Oct. 11, 1959, pp. 
903-905. In Russian. Analysis covering a 
difference solution for the equation of thermal 
conductivity in curvilinear coordinates. 


A Note on Currents on a Quadratic Surface. 
G. G. Weill. T TR 21(AFOSR TN 59- 
1102), Sept., 1959. 7 pp. 

Skhodimost’ Metoda Posledovatel’nykh Pri- 
blizhenii v Odnoi Zadache Nelineinoi — 
Obolochek. I. G. Teregulov. MVO SSSR 
VUZ Izv. Matemat., No. 4, 1959, pp. 168-177. 
In Russian. Analysis covering the existence 
of solution and the convergence of the method of 
successive approximation for a system of non- 
linear equations in the theory of shells—i.e.. 
the problem of bending of a hollow spherical 
segment. 

Asimptoticheskoe Reshenie Lineinogo Neod- 
norodnogo Differentsial’nogo Uravneniia Vtorogo 
Poriadka s Perekhodnoi Tochkoi i ego Prilo- 
zheniia k Raschetam Toroobraznykh Obolochek i 
Lopastei. S. . Tumarkin. Prikl. Mat. i 
Mekh., Nov.-Dec., 1959, pp. 1083-1094. 27 
refs. In Russian. Derivation of an asymptotic 
solution for the second-order linear nonhomo- 
geneous differential equation with a transition 
point, and application to the calculation of 
toroidal shells and blades. 


Zur Auflésung der Differentialgleichungen der 
Elastomechanik des Raumes fiir unendlich 
kleine Verschiebungen in kartesischen Koordina- 
ten. L.Eder. Forschung Gebiete Ing., Ausg. A, 
No. 4, 1959, pp. 101-105. In German. Analysis 
covering the solution of differential equations of 
the elastomechanics of space for infinitesimal 
displacements in Cartesian coordinates. 


Some Approximation Formulas for the Integra- 
tion of Violently Oscillating Functions and of 
Periodic Functions. L. C. Hsu. Sci. Rec., 
Nov., 1959, pp. 544-549. 12 refs. 


On the Application of Elliptic Functions in 
Non-Linear Forced Oscillations. C. S. Hsu. 
Quart. Appl. Math., Jan., 1960, pp. 393-407. 
Study of a system having an equation of motion 
of the Duffing type whose free vibrations respond 
in the form of elliptic functions, and whose period 
is expressible in terms of complete elliptic func- 
tions. The response of such a system is examined 
when subject to periodic forcing functions which 
are themselves elliptic functions. 

Vibration of a Nonhomogeneous Membrane. 
M.H. Protter. Pacific J , Winter, 1959, 
pp. 1249-1255. USAF-supported analysis es- 
tablishing comparison theorems for the first 
eigenvalue of homogeneous and nonhomogeneous 
membranes of the same shape. 

O Nakoplenii Vozmushchenii v Nestatsio- 
narnykh Lineinykh Impul’snykh Sistemakh. 
L. S. Gnoenskii. Prikl. Mat. i Mekh., Nov.-Dec., 
1959, pp. 1136-1141. In Russian. Presenta- 
tion of a method for determining the accumulation 
of perturbations in nonstationary linear pulse 
systems. 


O Polnoi Sisteme Uravnenii Szhimaemoi 
Viazko-Plastichnoi Zhidkosti. I. M. Astrakhan 
and S. S. Grigorian. Prikl. Mat. i Mekh., 
Nov.-Dec., 1959, pp. 1142, 1143. In Russian. 
Derivation of a closed system of equations de- 
ae the motion of a compressible viscoelastic 

uid. 

Preobrazovanie Sistemy Uravnenii 
dinamicheskogo Priblizheniia Plazmy. 
AN SSSR Otd. Tekh. Nauk 
Mekh. i Mashinostr., Sept.-Oct., 1959, pp. 122- 
126. a Russian. Analysis covering the trans- 
formation of a system of equations for the hydro- 
dynamic approximation of plasma. 


Free Boundary Problems for Parabolic Equa- 


Gidro- 


tions. II—Evaporation or Condensation of a 
Liquid Drop. Avner Friedman. J. Math. & 
Mech., Jan., 1960, pp. 19-66. 10 refs. Navy- 


supported study of problems of condensation 
and evaporation of one liquid drop surrounded by 
vapor of its own substance. If the initial vapor 
density on the surface of the drop is equal to the 
saturation density, then in case of condensation 
(a < 0) existence and uniqueness are asserted 
for all future times and in case of evaporation 
(a > 0) as long as the radius s(t) of the drop re- 
mains positive. 

Ob Issledovanii Tochnykh Reshenii Nesta- 
tsionarnykh Zadach Diffraktsii v Okrestnosti 
Volnovykh Frontov. V. S. Buldyrev. AN 
SSSR Dok!., Nov. 11, 1959, pp. 291-294. In 
Russian. Definition of exact solutions for non- 
stationary problems of diffraction in the neigh- 
borhood of wave fronts. The study is made for 
the case of homogeneous acoustic media divided 
by a circular cylindrical or spherical surface. 
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General Solutions of the Conservation Equa- 
tions in Curved Spaces. H. Zorski. Acad. 
Pol. Sci. Bul., Tech. Sci. Ser., No. 10, 1959, pp. 
567-571. 


Probability, Statistics 


Optimum Strategy and Other Problems iu 
Probability Sampling. Jaroslav Hajek. asopis 
Péstovéni Matematiky, No. 4, 1959, pp. 387-421. 
13 refs. Study of the statistician’s strategy in 
probability sampling, which consists of a choice 
of the sampling design (plan) and the estimation 
method (procedure). A strategy is called opti- 
mum if it solves the conflict between cost and 
accuracy in the best way. The accuracy is 
measured by the expected variance with respect 
to a certain distribution of ascertained values. 
A general solution of the problem is derived for a 
rather wide class of admissible sampling designs, 
estimators, cost functions, and for the following 
two assumptions concerning the distribution: 
(a) the ascertained values are realizations of 
noncorrelated random variables, (b) the ascer- 
tained values are realizations of random sequence 
with a stationary convex correlation function and 
stationary coefficients of variations. 


Generalized Random Variables. J. G. Kem- 
eny. Pacific J. Math., Winter, 1959, pp. 1179- 
1189. Analysis of random variables on a de- 
numerably infinite sample space. The range 

is a subset of a given metric space in the first 
example, and an arbitrary set in the second case. 


Theory of Numbers 


Asymptotic Solution of Eigenvalue Problems. 
J. B. Keller and S. I. Rubinow. Ann. Phys., 
Jan., 1960, pp. 24-75. 12refs. USAF-sponsored 
presentation of a method for the construction of 
asymptotic formulas for the large eigenvalues and 
the corresponding eigenfunctions of boundary 
value problems for partial differential equations. 


Topology 


O Absolutné Konvexnim Obalu Mnodziny v 
Koneéné Dimensionaélnim Vektorovém Prostoru. 
Viastimil Ptak. Casopis Péstovani Matematiky, 
No. 3, 1958, pp. 343-347. In Czechoslovak, with 
summaries in English and Russian. Descrip- 
tion of the absolutely convex (symmetrical and 
convex) envelope of a given set in a finite dimen- 
sional vector space. 


Mechanics 


Proportionality Between Gravity and Inertia. 
A. Montani. Missile Des. & Devel., Dec., 1959, 
pp.[24-26, 58. 

Vliianie Svoistv Istochnika Peremennoi Sily 
na Kolebaniia Mekhanicheskoi Sistemy. Ladis- 
lav Pust. Aplikace Matematiky, No. 6, 1958, 
pp. 428-450. In Russian. Theoretical analysis 
covering the effect of an energy source on the 
motion of a linear mechanical system with one 
degree of freedom. 

Ob Ustoichivosti Vrashchatel’nykh Dvizhenii 
Tverdogo Tela s Zhidkim Napolneniem. V. V. 
Rumiantsev. Prikl. Mat. i Mekh., Nov.-Dec., 
1959, pp. 1057-1065. 10 refs. In Russian. 
Study covering the stability of rotating motion 
of a solid body having a cavity partially or en- 
tirely filled with an ideal incompressible homo- 
geneous liquid. 


Meteorology 


Global Weather Watch. E. B. Buxton. 
Air BP, No. 13, 1959, pp. 34-36. Review of the 
history of the coordinated weather watching effort. 
The present net of weather information sources 
and the use of such information by airlines are 
discussed. 


Kinematical Relations Between Wind and 
Precipitation Distributions. Edwin Kessler, III. 
Meteorology, Dec., 1959, pp. 630-637. 16 
refs. Derivation of continuity equations for 
precipitation content of the air, and presentation 
of particular solutions which give the vertical 
distribution of precipitation content where hori- 
zontal advection terms are small. 


The Occurrence of Damaging Hail at High 
Altitudes. H. S. Appleman and P. E. Lehr. 
IAS 28th Annual Meeting, New York, Jan. 25- 
27, 1960, Paper 60-3. Members, $0.50; non- 
members, $1.00. 6 pp. Review of the large- 
droplet theory of hail formation. The fre- 
quency of hail encounters is given as a function of 
altitude. The data are subdivided into low- 
altitude and high-altitude cases, and the relation- 
ship of hail frequency as a function of time of day 
and time of year is studied. 

Observations of Hail Storms by Means of 
Airborne Radar. | ) Battan. JAS 28th 
Annual Meeting, New York, Jan. 25-27, 1960, 
Paper 60-1. Members, $0.50; nonmembers, 
$1.00. 6 pp. Survey of the inquiries into the 
relationship of radar echo properties and hail 
occurrence. Techniques for hail and tornado 
avoidance are suggested. 

A Review of the Distribution of Wind and Tem- 
perature in the Lower Stratosphere. H. ; 
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Panofsky. JAS 28th Annual Meeting, New 
York, Jan. 25-27, 1960, Paper 60-25. Members, 
$0.50; nonmembers, $1.00. 15 pp. 11 refs. 
Analysis of the lower stratosphere which can be 
divided into two parts: (a) a lower layer, char- 
acterized by westerly winds decreasing in inten- 
sity upward and (b) an upper layer, character- 
ized by winds increasing in intensity upward. 
Seasonal changes are discussed. 


Axial Velocity Streaks in the Jet Stream: 
Ageostrophic ‘Inertial’? Oscillations. C. W. 
Newton. J. Meteorology, Dec., 1959, pp. 638- 
645. 13 refs. Navy-supported research. 

An Operational Objective Analysis System. 
G. P. Cressman. Mo. Weather Rev., Oct., 1959, 
pp. 367-374. 12 refs. Description of an ob- 
jective weather map analysis, which is an integral 
part of an automatic data processing system. 
The analysis method, based mainly on the method 
of Bergthérssen and D6és, is essentially a method 
of applying corrections to a first guess field. 


Forecasting Middle Cloudiness and Precipita- 
tion Areas by Numerical Methods. E. M. 
Carlstead. Mo. Weather Rev., Oct., 1959, pp. 
375-381. Presentation of a numerical prediction 
model suitable for computation using large-scale 
digital computers to forecast amounts of middle 
cloudiness, areas of precipitation, and precipita- 
tion amounts. 

Probability Estimates of the Weather in Rela- 
tion to Operational Decisions. I. I. Gringorten, 
J. Meteorology, Dec., 1959, pp. 663-671. 23 refs. 
Analysis covering the maximizing of usability of 
present-day forecasts and determining whether 
the operational requirement for a statement on 
the weather should influence the forecast. 


Atmospheric Structure & Physics 


The Structure of the Velocity Field and Heat 
Balance in the Troposphere Over Tibet and Its 
Surroundings. Yeh Tu-Cheng, Lo Szu-Wei, and 
Chu Pao-Chen. Scientia Sinica, Nov., 1959, 
pp. 1352-1369. 11 refs. 

A Sixteenth-Month Series of Mid-Stratospheric 
Temperature Measurements. A. Arnold and 
M. J. Lowenthal. J. Meteorology, Dec., 1959, pp. 
626-629. 

Obobshchenie Teorii Nestatsionaraykh Chisto 


Dreifovvkh Techenii Ekmana na Sluchai 
Proizvol’nogo Vetra. R. V. Ozmidov AN 
SSSR Dokl., Oct. 11, 1959, pp. 913-916. In Rus- 


sian. Generalization of Eckman’s theory of un- 
steady, purely drift currents to cover the case of 
arbitrary winds. 

A Basis for the Prediction of Severe Local 
Thunderstorms. D.C. House. JAS 28th An- 
nual Meeting, New York, Jan. 25-27, 1960, Paper 
60-2. Members, $0.50; nonmembers, $1.00 
11 pp. Discussion of the factors in the detec 
tion of stability and the stability trend, and of the 
prediction of the mechanism which will release the 
instability locally. An illustration of the pre- 
diction procedure is included. 


Missile, Rocket, & Space Technology 


Exploring Space—The Immediate Goals. 
Interavia, Jan., 1960, pp. 49-54. Discussion of 
geophysical research objectiv es, the instrumenta 
tion required, and future NASA programs. Brief 
details are included on American space probes. 


General Review of a Space Flight Programme 
Based on Blue Streak. G. K. C. Pardoe. de 
Havilland Gazette, Dec., 1959, pp. 172-175. 
Abridged. 


A British Space sag Programme Based 
on Blue Streak. G. K. C. Pardoe. /nteravia, 
Dec., 1959, pp. 1533- 1535, Survey of possible 
applications of the Blue Streak missile as a booster 
for space research. 

Results of Scientific Investigations Made by 
Soviet ry and Cosmic Rockets. V. I. 
Krasovskii. ARS Annual Meeting, Wash., 
Nov. 17, 1559)" ARS J., Jan., 1960, pp. 27-33. 
Survey of geophysical data acquired by Soviet 
satellites and lunar probes. 


Landing on the Moon. K. R. Stehling. 
Space/ Aeronautics, Feb., 1960, pp. 42-45. Re- 
view of design requirements and problems in- 
volved in “hard” and ‘“‘soft’’ lunar impacts. 
Application of liquid and solid propellant rocket 
engines is discussed, and special requirements 
for descent control, shock absorption, and radio 
transmission are emphasized. 

Basic Design Criteria for Moon Building. 
J. S. Rinehart. Brit. Interpl. Soc. J., Sept.-Oct.. 
1959, pp. 126-129. Discussion of a proposed 
building for lunar use and the effects of environ- 
mental conditions on its design. 


Missile Engineering. I—Titan ICBM Fabri- 
cation: Martin Proposes Improved Titan Sys- 
tem. II—Titan ICBM Operation: Hardened 
Titan Bases Require Specialized Support. 
Russell Hawkes. Av. Week & Space Tech., Jan. 
11; 18, 1960, pp. 56, 57, 59-67 (ff.); 66, 67, 69 
83 (ff.). Discussion of the assembly procedures, 
flight testing, ground servicing, and support 
equipment. 


Soviet Missiles. I—Liquid Rockets. A. ]. 
Zaehringer. Missile Des. & Devel., Jan., 1960, 
pp. 39,40. Survey of Soviet liquid-fuel rockets. 
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signals from almost any digital input! | keyboard input 


NOW! 


afi an alog output plus control e Permits cartesian plotting of digital data 


ALL-NEW MOSELEY 


MODEL 42 


DIGITAL TRANSLATOR 


Moseley Model 42 Digital Translator allows automatic op- 
eration of Autograf or similar X-Y Recorders from digital 
data supplied by any conventional source. Accuracy of 
digital-to-analog conversion is 0.1% and the accuracy of 
Moseley AUTOGRAF recorders, 0.15%, is maintained. 


Model 42 is compatible with IBM Summary Punches and 
Card Readers including Models 514, 519, 523, 524, 526, etc. 
It may also be driven, without modification to either the 
Translator or driving equipment, by mechanical punched 
tape readers such as Friden, Soroban solenoid and Tele- 
type motorized readers. 


Model 42 is supplied with a 10-key serial keyboard for 
manual input. Accessories include magnetic tape adapter, 
Flexowriter converter, remote decimal contents read-out 
panel and optical magnetic tape converter. Model 42, in- 
Cluding keyboard, $3,450.00. 


Data subject to change without notice. Prices f.o.b. factory. 


GS re | recorders Dept. E-3, 409 N. Fair Oaks Ave., Pasadena, Callfornia 


e@ 0.1% conversion accuracy 


e Accepts card, perforated tape, magnetic 


@ High-speed transistorized control cir- 


@ Accepts 4 digits and sign per axis; front 
panel display of matrix contents 


MAGNETIC 
TAPE 
D PUNCH MODEL- 42 RUTOGRAF 
READER 
10-KEY 
KEYBOARD 


SEE YOUR MOSELEY REPRESENTATIVE OR 
WRITE DIRECT FOR DETAILS 


Pioneer and leader in X-Y and Strip-Chart Recorders 


F.L. MOSELEY CO. 


MUrray 1-0208 TWX PASA CAL 7687 
Field representatives In all principal areas 
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the X-15. JInteravia, Jan., 1960, 


. 57-60. Description of the airframe and the 
RrR-99 controllable rocket engine, and discus- 
sion of the flight test program up to November 5, 


Hound Dog Designed for Off-the-Shelf Reli- 
ability. Irwin Stambler. Space/ Aeronautics, 
Feb., 1960, pp. 54-58. Design study of North 
American GAM-77 Hound Dog air-to-surface 
missile. Aerodynamics, ground support equip- 
ment, and other special design aspects are dis- 
cussed, 

A Rocket for Manned Lunar Exploration. 
M. W. Rosen and F.C. Schwenk. (10th Internatl. 
Astron. Fed. Congr., London, 1959.) IRE Trans., 
SET Ser., Dec., 1959, pp. 155-162. Presentation 
of a parametric study of vehicle size for the direct- 
flight manned lunar mission. The main param- 
eter is the take-off thrust which is influenced 
by many factors, principally the propellants in the 
several stages and the flight trajectory. A close 
choice exists in the second stage where conven- 
tional and high-energy propellants are compared. 
The size of the final stage, and hence the entire 
vehicle, is governed mainly by the method of 
approach to the earth’s surface, whether the ap- 
proach is made at elliptic, parabolic, or hyperbolic 
velocities. 

How Useful Are Low-Thrust Space Vehicles? 
Ernst Stuhlinger. Astronautics, Feb., 1960, pp. 
24-26, 95-97. Consideration of the components 
of an ion propulsion system and the mechanics of 
its operation. It is pointed out that it promises 
usefulness in transporting great payloads. The 
possibility of its use as a vehicle to Mars and 
Venus is discussed. 

Use of Energy Storage in Low Thrust Space- 
flight. Morton Camac. (Avco Everett Res. 
Lab. RR 36, Oct., 1958.) ARS J., Jan., 1960, 
pp. 54-63. USAF-sponsored analysis of flight 
plans for spacecraft operating at thrust levels 
that are much smaller than the local gravitational 
force. The thrust is limited by the average power 
generated. 

Advantages of High-Thrust Space Vehicles. 
M. W. Hunter and J. M. Tschirgi. Astronautics, 
Feb., 1960, pp. 28, 29, 99-102. Comparison of 
high- and low-thrust propulsion systems in terms 
of payload efficiency and maximum velocity. 
The evaluation stresses the long operation time 
of low-thrust systems and the low reliability 
connected with this fact. 

The Design and Operation of Propulsion 
Systems for Cruise-Type Missiles. S. Shrage. 
SAE Natl. Aero. Meeting, New York, Mar. 31- 
Apr. 3, 1959, Preprint 54R. 7 pp. Discussion of 
design criteria for reliability of engines operating 
within the atmosphere at speeds up to Mach 4. 
The engine, induction and exhaust systems, en- 
gine installation, and fuel system are examined. 

On the Methods and Economics of Recovering 
Boosters for Orbital Vehicles. P. R. Shipps. 
IAS 28th Annual Meeting, New York, Jan. 25-27, 
1960, Paper 60-29. Members, $0.50; non- 
members, $1.00. 15 pp. Discussion of four dif- 
ferent two-stage booster systems: the built-up 
rocket, the “‘optimized”’ rocket, the semi-recover- 
able, and the highly recoverable boosters. Tra- 
jectory and operational differences, as well as 
system cost comparisons are given. 


Solar Sail: Key to Interplanetary Voyaging? 
B. W. Powell. Spaceflight, Oct., 1959, pp. 116- 
118. Discussion of the physical principles and 
applications of a solar-sail vehicle. In such a 
vehicle, a parachute-type sail captures radiation 
pressure from the sun. 

Solid Propellents in Spaceflight. The Aero- 
plane & Astronautics, Jan. 8, 1960, pp. 45-47. 
Discussion of the advantages of solid propellants, 
the use of solid propellants in the Vanguard third 
stage, and design details of a proposed three-stage 
solid-propellant rocket, called Envoy, that can be 
built more cheaply than the Scout rocket. 


The Application of Solid Propellant Rocket 
Motors to Boost Space Vehicles. Giulio Panelli. 
IAS 28th Annual Meeting, New York, Jan. 25-27, 
1960, Paper 60-53. Members, $0.50; nonmem- 
bers, $1.00. 11 pp. Comprehensive performance 
analysis showing the feasibility of solid-propellant 
first-stage boosters. Structural design, trajec- 
tory techniques, and propulsion design are ex- 
amined. 


Britain’s Ballistic Research Vehicle. The 
Aeroplane & Astronautics, Dec. 1959, pp. 
567-571, cutaway drawing. Presentation of 
design, structural, control and stability, and 
propulsion characteristics of the Black Knight 
rocket. Description of ground equipment is 
included. 


Hypersonics. Flight, Dec. 25, 1959, pp. 
775-779. Summary of two papers by Metcalfe 
and Eggers on the aerodynamic requirements and 
the possible configurations for several types of 
vehicles such as skip, glide, and sustained flight 
vehicles and, in addition, anti-aircraft and anti- 
missile missiles. 


A Preliminary Investigation of the Penetration 
of Slender Metal Rods in Thick Metal Targets. 
. L. Summers and W. R. Niehaus. U.S., 
ASA TN D-137, Dec., 1959. 9 pp. 

Performance Investigation of a Nonpumping 
Rocket-Ejector System for Altitude Simulation. 
Appendix—Ejector Theory; No Secondary Flow 
and Sufficiently Large Length-to-Diameter Ejec- 
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tor-Tube Ratios. Anthony Fortini. U-.S., 
NASA TN D-257, Dec., 1959. 33 pp. 


Some Problems of Providing for Scientific Re- 

search on Rockets. A.A. Blagonravov. (ARS 
Annual Meeting, Wash., Nov. 17, 1959.) 
J., Jan., 1960, pp. 22-27. Discussion of some 
particular solutions to instrumentation prob- 
lems in Soviet rockets. These include the isola- 
tion of measuring instruments from the rocket 
carrier to eliminate disturbances caused by rocket 
motion, ejection and recovery of scientific ap- 
paratus, description of the heat control system 
used in Lunik III, and some problems resulting 
from the use of animals (principally dogs) for 
space investigation. 

Fundamentals of Missile Instrumentation. 
J. R. Warren. Western Av., Oct., 1959, pp. 24, 
25. Discussion of some telemetering problems 
in the testing of missiles. 

Cosmic-Ray Instrumentation in the First U. S. 
Earth Satellite. G.H.Ludwig. Rev. Sci. Instr., 
Apr., 1959, pp. 223-229. Description of the in- 
strumentation carried in the Explorer I to meas- 
ure cosmic ray intensity, micro-meteorite im- 
pacts, and temperatures within the satellite. 


Sergeant GSE Sets Pattern for IRBM Mobility. 
Victor Biasi. Space/ Aeronautics, Dec., 
1959, pp. 55-58. Presentation of design features 
of complete ground support equipment for the 
Sergeant ballistic missile. Operation of equip- 
ment and the essentials of the automatic check- 
out system are discussed. 


How Navy Will Monitor Polaris Underwater 
Firing. Philip Geddes. Aircraft & Missiles, 
Feb., 1960, pp. 22-25. Discussion of the planned 
ship-shore-submarine complex. The electronic 
system in the submarine and the use of a special 
camera are covered. 


Space GSE Backs Atlas-Able System. Western 
Av., Dec., 1959, pp. 44, 45,54. Presentation of a 
work-schedule in the construction of the ground 
support equipment and classification of such 
equipment. 


Lockheed Trims Polaris Vehicle’s Weight. 
W. S. Reed. Av. Week & Space Tech., Feb. 8, 
1960, pp. 52, 55, 56, 59. Description of the 
underwater tests, combined systems tests, sea- 
going laboratory tests, and static firings used to 
perfect the fully-guided Polaris missile. 

Role of Titan Support Equipment. Western 
Av., Dec., 1959, pp. 20-22, 82. Description of the 
ground support equipment for the Titan. The 
missile handling equipment, control and checkout 
equipment, and the missile supply system are 
studied in detail. 


Atlas ICBM Ground Support Goes Operational. 
E. T. Clare. Western Av., Dec., 1959, pp. 26-28. 
Classification and discussion of the ground support 
equipment. The complexity of an operational 
base is illustrated in the discussion. 

Cryogenics Applied to Missile Support. West- 
ern Av., Dec., 1959, pp. 31, 32. Discussion of the 
use of ultra-low temperature oxygen and nitrogen 
in both the pre-operational and_ operational 
phases of missilery. Equipment for handling 
cryogenic liquids is also discussed. 

Ground Support Ready for Polaris Fleet Bal- 
listic Missile. R.T. Bumstead. Western Av., 
Dec., 1959, pp. 36, 37, 75. Review and classifi- 
cation of ground handling equipment. The 
development fiight test program is discussed. 


How to Support Hound Dog Missiles. E. B. 
Price. Western Av., Dec., 1959, pp. 38-40, 
63, 64. Description of the ground support 
equipment of an air-to-surface missile. Areas of 
standardization are discussed, and a brief de- 
scription of the Hound Dog is included. 


Building Your Own Combined Environment 
Tester. O.B. Farley and J. B. Fellows. Space/ 
Aeronautics, Feb., 1960, pp. 103, 104, 106-114 
(ff Description of the construction, from 
commercially available parts, of atest fixture for 
simulating the combined missile environments 
produced during engine firing and the first sec- 
onds of flight. 


Component Testing Makes Atlas Reliable. 
W. W. Holbrook. Aircraft & Missiles, Feb., 1960, 
pp. 56-59. Discussion of the test procedures and 
instrumentation used to check-out the Atlas 
liquid oxygen tank pressure regulators. 

Propulsion Requirements of a Manned Lunar 
Mission. D. E. Serrill and H. J. McClellan. 
IAS 28th Annual Meeting, New York, Jan. 25-27, 
1960, Paper 60-30. Members, $0.50; non- 
members, $1.00. 11 pp. Presentation of the 
advantages of high-energy large booster engines. 
The need for a throttleable landing engine and a 
greater reliability in engineering and design is 
pointed out. 

RCA Takes New Approach to Missile & 
Satellite Detection; Synchronous Scanning An- 
tenna System Proposed for Atlantic Range. 
G. W. Soderquist. GSE, Dec., 1959—Jan., 1960, 
pp. 59, 60, 62. 

Na Gornoi Astronomicheskoi Stantsii. M. N. 
Gnevyshev. AN SSSR Vestnik, May, 1959, 
pp. 99, 100. In Russian. Brief discussion of 
optical measurements taken of the sodium cloud 
released by the Soviet cosmic rocket. 

Na Stantsii Fotograficheskikh Nabliudenii. 
D. A. Rozhkovskii. AN SSSR Vestnik, May, 
1959, pp. 95-98. In Russian. Description of 
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the equipment used at a satellite tracking station 
in USSR, and discussion of some observations. 

Astronomicheskie Nabliudeniia Iskusstven- 
nykh Sputnikov Zemli. A. G. Masevich. AN 
SSSR Vestnik, May, 1959, pp. 85-94. In Rus- 
sian. Discussion covering the astronomical ob- 
servations of artificial earth satellites, equip- 
ment and methods used, various photographic 
techniques, and survey of some results, as well as 
the objectives of the IGY. 


The Application of Radio Interferometry to 
Extraterrestrial Meteorology. M. J. E. Golay. 
IRE Trans., SET Ser., Dec., 1959, pp. 186-193, 
Discussion of the interferometric link with refer- 
ence to the transmit-receive problem and to the 
noise problem in a frequency tracking circuit, 
Several possible interferometric applications are 
listed and a table is presented in which an at- 
tempt is made at estimating the essential pa- 
rameters in each system. 


The 600-Foot Radio Telescope. E. F. Me- 
Clain, Jr. Sci. Am., Jan., 1960, pp. 45-51. De- 
scription of a telescope being built by the Navy 
in West Virginia, and discussion of the scientific 
knowledge to be gained from such an instrument, 


Experimental Observation of Space Vehicles. 
R. Y. Miner. ARMA Enzgz., Sept.-Oct., 1959, 
pp. 16-21. Survey of available data on visual and 
radio observation methods and the necessary 
equipment requirements. 


Determination of Radiant Energy Require- 
ments for Photographic Space Vehicle Tracking. 
T. P. Rona. USAF MDC TN 59-31, Nov., 
1959. 13 pp. Analysis showing that for optical 
tracking in a clear atmosphere, signal-to-noise 
ratio is at least equal, and often superior to, 
radar communication. It is further shown that 
techniques for vehicle-borne flash sources are 
within the state of the art and, finally, that star 
background reference can be made available for 
increased absolute accuracy. 


Infrared Tracking. R. W. Powell. ARS J., 
Dec., 1959, pp. 973-980. 64 refs. Review of the 
state of the art of infrared tracking and range 
detection capability. The improvement of cell 
detection in larger wavelength range and the re- 
sultant higher scan speeds are examined. New 
optical materials and systems are treated, and the 
development of space filtering is discussed. 


A Missile-Borne Transistor Flash Detector. 

- R. Knott. Gt. Brit., RAE TN G.W.520, 
Aug., 1959. 29 pp. Description of a missile- 
borne flash detector to telemeter the time at 
which each flash occurred so that timing data of 
sufficient accuracy could be obtained from the 
telemetry record in the event of loss of information 
by the ground instrumentation. 


TM-76 Mace senting Mat Design. Kenneth 
Idomir. Aero/Space Engrg., Feb., 1960, pp. 
28-33. Description of a parachute recovery 
system with two pneumatic landing mats. 


Effects of Water-Landing Impact on an Orbital 
Capsule from the Standpoint of Occupant 
Protection. H. G. Hatch, Jr. U.S., NASA TN 
D-39, Sept., 1959. 18 pp. Description of a 
series of tests on a cone-shaped capsule with a 
segment of a sphere at the bottom to determine 
the water-landing characteristics. It was found 
that an acceleration onset rate of approximately 
25,000 g/sec. with an acceleration varying 
between 20g and 60g, depending upon the impact 
conditions, should be expected for an impact 
velocity of 30 ft./sec. 


Economy and Techniques of Large Missile 
Booster Recovery. H.H. Koelle. Western A?., 
Dec., 1959, pp. 46-49. Discussion of the factors 
influencing the cost of missile launching. Opera- 
tional and cost parameters are enumerated, 
their relationship is given, and assumptions for 
the numerical examples are discussed. Numer- 
ous booster recovery systems are also mentioned. 


Ballistics, Re-Entry 


Analytical Estimates for Optimum Transfer 
Paths. H. Munick and R. McGill. ARS J. 
Jan., 1960, pp. 120-122. Extension of Lawden’s 
work concerning the minimization of characteris- 
tic velocity, or the amount of fuel consumed, 
using two impulses. 


Re-Entry from Orbit. W. F. Hilton. The 
Aeroplane & Astronautics, Jan. 22, 1960, pp. 116- 
118. Abridged. Discussion of two types of re- 
entry vehicles, the problem of heat, and the best 
orbit for human spaceflight. 


The Use of Rotors for the Landing and Re- 
Entry Braking of Manned Spacecraft. Ch. R. 
Haig, Jr. IAS 28th Annual Meeting, New York, 
Jan. 25-27, 1960, Paper 60-17. Members, 
$0.50; nonmembers, $1.00. 15 pp. Discussioa 
of the rotor landing system concept and pres- 
entation of the re-entry rotor concept. The 
characteristics of the rotor are studied and the 
advantages of its use are summarized. 


Guidance, Control, Stability 
Flight Controls: A Look Into the Future. 
. E. Arnzen. Space/ Aeronautics, Feb., 1960, 
pp. 46-49. Analysis of future flight control syS 


(Continued on page 101) 
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SURFACES. 
ASA J., Jan., 1960, pp. 19-34. 33 refs. Presen- 


INT E R 


States Air Force. 


AERONAUTICAL ABSTRACTS 
A Review of Worldwide Scientific and Technical Literature 


Selected and prepared by the IAS Staff from currently released material received in 
the IAS Library. This research was supported in whole or in part by the Air Force 
Office of Scientific Research, Air Research and Development Command, United 


NATIONAL 


The literature abstracted in this section is available through the lending or photo- 
copying services of the IAS Library, New York. 


PUBLISHED MONTHLY BY AERO/SPACE ENGINEERING 
Official Publication of the Institute of the Aeronautical Sciences, 2 East 64th Street, New York 21, N.Y. 


Volume 5, Number 4 
ACOUSTICS, SOUND, NOISE 


NOISE PRODUCTION IN A TURBULENT 
BOUNDARY LAYER BY SMOOTH AND ROUGH 
E. J. Skudrzyk and G. P, Haddle. 


tation of an attempt to predict the levels of the 
boundary-layer noise and the noise produced by 
the surface roughnesses as a function of the speed 
and the frequency. The fluctuations in pressure 
can be computed from those of the velocity by an 
equation similar to the standard Bernoulli equation, 
except that the numerical constant is different. 
Vortices pass along the receiving hydrophone; 
they represent pressure pulses that generate a 
constant power spectrum at low frequencies which 
decreases approximately inversely proportional to 
the cube of the frequency at higher frequencies. 
This information, in conjunction with the pressure 
equation, makes it possible to compute the power 
spectrum of the flow noise as a function of the 
frequency, the boundary-layer thickness, and the 
speed of the flow. The flow noise at greater 

speed and at higher frequencies appears to be 
predominantly generated by the surface roughnesses, 


AERODYNAMICS, FLUID MECHANICS 


Aerothermochemistry, Dissociation, Ablation 


THE INFLUENCE OF GAS DISSOCIATION ON 
HEAT TRANSFER. Appendix I - VISCOSITY. Ap- 
pendix II - PARAMETERS USED IN RECOVERY 
FACTOR COMPUTATIONS. W. J. Thievon, 

G. A, Sterbutzel, and J. L. Beal. USAF WADC 
TR 59-450, June, 1959. 141 pp. 15 refs. Investi- 
gation of the recovery factor and heat transfer 
rates for dissociating N204 gas under turbulent 
flow in a tube. The results show that the recovery 
factor based upon temperature has a consistent trend 
with composition and varies from 0.2 to 0.85. 
Recovery factors based on enthalpy show consider- 
able scatter and are smaller than Pr “?. Itis 
found that the heat transfer coefficients for the 
dissociating gas are many times higher than those 
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obtained for the gas under frozen equilibrium con- 
ditions. For the situation in which heat flows 
from wall to stream, the Stanton numbers based 
on enthalpy are in agreement with a common e- 
quation for nondissociating gases, except that the 
ratio of enthalpy in the stream to that at the wall 
is introduced. 


AN ANALYSIS OF ABLATION-SHIELD RE- 
QUIREMENTS FOR MANNED REENTRY VEHI- 
CLES. Appendix - FORMAL DEVELOPMENT OF 
THE DIFFERENTIAL EQUATIONS AND BOUNDA- 
RY CONDITIONS. Leonard Roberts. US, NASA 
TR R-62, 1960. 58 pp. 10 refs. Analysis of the 
problem of sublimation of material and accumula- 
tion of heat in an ablation shield. The results are 
applied to the re-entry of manned vehicles into the 
earth's atmosphere. The parameters whichcontrol 
the amount of sublimation and the temperature 
distribution within the ablation shield dre deter- 
mined and presented in a manner useful for engi- 
neering calculation. It is shown that the total 
mass loss from the shield during re-entry and the 
insulation requirements may be given very simply 
in terms of the maximum deceleration of the vehi- 
cle or the total re-entry time. 


THE USE OF MODULATED ATOMIC-BEAM 
TECHNIQUES FOR THE STUDY OF SPACE- 
FLIGHT PROBLEMS. G. S. Holister, R. T. 
Brackmann, and W. L. Fite. (Conf. Phys. Chem. 
in Aerodynamics & Space Flight, Phila., Sept. 
1-3, 1959.) Gen. Dynamics Corp, Gen. Atomic 
Div. GA-1024 (AFOSR TN 59-1033), Oct. 14, 1959. 
17 pp. Application of modulated-atomic-beam 
techniques to investigate atom-surface interactions 
which affect drag on objects flying in atmospheres 
where the gas is dissociated - i.e., above 100km. 
Two types of experiments are discussed. In the 
first, an incident beam impinges on a surface and 
the particles leaving the surface are examined with 
amass spectrometer. By varying the incident 
beam and/or surface temperature, thermal accom 
modation coefficients are determined for a variety 
of surfaces and gases. In the second, the atomic 
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beam, which is monitored mass-spectrometically, 
is allowed to strike a surface placed on a torsion 
balance, and momentum transfer is measured di- 
rectly. In these experiments, the atomic-beam 
apparatus is used as an atomic wind tunnel; when 
a hydrogen-atom beam from a furnace source op- 
erating at 3,000°K. is used, the case of a high- 
altitude satellite is fairly closely duplicated. 


Aerothermodynamics 


MASS TRANSFER COOLING EXPERIMENTS 
ON A HEMISPHERE AT M=5. G. E. Anderson, 
C. J. Scott, and D. R. Elgin. U. Minn. Inst. 
Tech. RAL Res. Rep. 166 (AFOSR TN 59-1306), 
Aug., 1959. 26 pp. 16 refs. Description of studies 
made with a segmented porous hemisphere, de- 
signed and constructed to provide a constant tem- 
perature surface with helium mass transfer cool- 
ing. The variation of surface heat transfer with 
helium injection rate and with position on the hemi- 
sphere surface is measured. The data are pre- 
sented along with available analytical results. 


Boundary Layer 


THE EFFECT OF CONTROLLED THREE-DI- 
MENSIONAL ROUGHNESS ON BOUNDARY-LAYER 
TRANSITION AT SUPERSONIC SPEEDS. E. R. 
van Driest and W. D. McCauley. (IAS 27th Annual 
Meeting, New York, Jan. 26-29, 1959.) J. 
Aero/Space Sci., Apr., 1960, pp. 261-271, 303. 
USAF -supported presentation of test results indi- 
cating the following: (1) transition from laminar 
to turbulent flow induced by three-dimensional 
roughness elements begins when the double row of 
spiral vortices trailing each element contaminates 
and breaks down the surrounding field of vorticity; 
(2) transition appears rather suddenly, becoming 
more violent with increasing roughness height rela- 
tive to the boundary-layer thickness; (3) after the 
breakdown of the vorticity field, the strength of 
the spiral vortices may still persist in the sublayer 
of the ensuing turbulent flow; (4) lateral spacing of 
roughness elements has little effect upon the initial 
breakdown (contamination) of the laminar flow, and 
(5) the trip Reynolds number Re, varies as the 
position Reynolds number Rex, to the one-fourth 
power. 


THE BOUNDARY LAYER NEAR THE STAGNA- 
TION POINT IN HYPERSONIC FLOW PAST A 
SPHERE. T. K. Herring. J. Fluid Mech., Feb., 
1960, pp. 257-272. Analysis considering the re- 
gion close to the stagnation point between the shock 
and the sphere that can be taken to be a steady 
laminar boundary layer. The solution consists in 
reducing the equations of motion to ordinary dif- 
ferential form by assuming forms of the flow vari- 
ables which satisfy the boundary conditions, nota-~ 
bly at the shock wave. Included are a selection of 
temperature and transverse velocity profiles 
across the boundary layer and several graphs re- 
lating such quantities as the shock stand-off dis- 
tance and the skin-friction coefficient with Reynolds 
number. It is shown that the shock stand-off dis- 
tance increases with increase in Reynolds number, 
whereas it is known that the boundary-layer thick- 
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ness decreases. The skin friction coefficient is 
shown to be inversely proportional to a decreasing 
power of the Reynolds number when it is lower 
than order 103, but the indication is that it tends 
to the expected constant power of 1/2 when the 
Reynolds number is of order 10%, 


Flow of Fluids 


D - STROMUNGSLEHRE,. (GAMM Wissenschait- 
liche Jahrestagung, Hannover, May 19-23, 1959.) 
ZAMM, Sept.-Nov., 1959, pp. 428-453. 32 refs. 
In German. Partial Contents: Die Grenzschicht- 
stré6mung in einer rechtwinkligen Ecke, Klaus 
Gersten. Zur Berechnung der Potentialstrémung 
um beliebige Einzel- und Gitterprofile unter Ver- 
wendung der Elektroanalogie, M. Hackeschmidt. 
Uber ein Randwertproblem aus der Aerodynamik 
eines Gitters, E. Meister. Uber das Wandgesetz 
turbulenter Grenzschichten bei kompressiblen 
Stré6mungen, J. C. Rotta. Berechnung von sym- 
metrischen Profilstré6mungen mit beschrankten 
Uberschallbereichen, E. Schincke. Kugelsym- 
metrische Verdichtungsstésse mit Dissoziation 
und Ionisation, I. Teipel. Mathematische Fragen 
der.transsonischen Gasdynamik, F. G. Tricomi. 
Verallgemeinerte ahnliche Lésungen bei dreidimen- 
sionalen Grenzschichten, W. Wuest. Symposium 
of papers covering the conversion of a given ve- 
locity distribution over a single profile or a cas- 
cade to cover a different state of flow; calculation 
of the boundary-layer flow across a rectangular 
corner; the relationship between the linear and 
nonlinear theories of flow with cavitation; calcula- 
tion of the potential flow over single and cascade 
profiles by means of the electric analogy; certain 
boundary problems in the aerodynamic study of 
cascades; determination of errors in approximate 
solutions of boundary-layer differential equations; 
turbulent boundary layers in incompressible flow; 
symmetric profile flow of ideal compressible 
fluids; spherically symmetrical compression shocks 
with dissociation and ionization; mathematical 
problems in transonic gas dynamics; and generaliz 
ed analogous solutions for three-dimensional bound 
ary layers. 


SPECIAL ISSUE: SEMINAIRE D'AEROTHER- 
MIQUE DE LA FACULTE DES SCIENCES DE PA- 
RIS. France, Min. de l'Air NT 85, 1959. 170 pp. 
112 refs. SDIT, 2 Av. Porte-d'Issy, Paris 15,Frs. 
3,050. In French. Contents: Recherches Récen- 
tes dans le Domaine Aérodynamique des Gaz Ra- 
réfiés, L. Talbot. Structure de 1"Onde de Choc, 
L. Talbot. L'Ecoulement de Couette dans un Gaz 
Raréfié, L. Talbot. Pressions sur des Cénes et 
des Plaques Planes Placés dans un Ecoulement 
Hypersonique, L. Talbot. La Couche Limite La- 
minaire 4 Trois Dimensions, E. A. Eichelbrenner. 
Individualisation de la Matiére dans les Ecoule- 
ments, Charles Bory. Sur le Développement de la 
Détonation dans un Gaz; Analyse du Processus de 
Formation de l'Onde, A. K. Oppenheim and R. A. 
Stern. Ondes de Choc Produites dans les Tubes 
& Gaz par Décharges de Condensateurs, Michel 
Cloupeau. Méthode Radio-Electrique pour 1'Etude 
des Ondes de Choc Produites par Décharges Con- 
densées, Roger Der Agobian. Compilation of pa- 
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pers covering the research in the field of rarefied 
gases; structure of shock waves; Couette flow in 
rarefied gases; pressures on cones and flat plates 
in hypersonic flow; three-dimensional boundary 
layers; individualization of matter in the flow; oc- 
currence of detonations in gases and formation of 
waves; shock waves produced in gas tubes by con- 
denser discharges; and methods for studying shock 
waves generated by condensed discharges. 


A STUDY OF SIMILARITY TRANSFORMA- 
TIONS FOR THE EQUATIONS OF TWO-DIMEN- 
SIONAL INCOMPRESSIBLE VISCOUS FLUID 
FLOW. Koon-Sang Wan. Polytech. Inst. Bklyn., 
Dept. Aero. Eng. & Appl. Mech., PIBAL Rep. 
537 (AFOSR TN 59-1257), Dec., 1959. 20 pp. 
Investigation to obtain the possible similarity 
transformations to a laminar flow equation and the 
Navier-Stokes equation for two-dimensional un- 
steady and steady flows in both Cartesian and polar 
coordinates. Asaresult, additional similarity trans- 
formations are obtained. These include transforma- 
tions obtained previously in the boundary-layer theo 
ry as specialcases. The possibilities of applying 
these transformations to obtain solutions for un- 
steady and steady laminar boundary-layer prob- 
lems with external accelerated or decelerated, 
irrotational or rotational flows, and fixed or mov- 
ing boundaries, are indicated. 


REAL GAS EFFECTS IN FLOW OVER BLUNT 
BODIES AT HYPERSONIC SPEEDS. H. T. Naga- 
matsu, R. E. Geiger, and R. E. Sheer, Jr. 

(IAS Natl. Summer Meeting, Los Angeles, July 
8-ll, 1958.) J. Aero/Space Sci., Apr., 1960, pp. 
241-251. 34 refs. USAF-supported presentation 
of results from an investigation of representative 
blunt bodies at hypersonic Mach numbers and noz- 
zle stagnation temperatures up to approximately 
6,000°K. These include body pressure distribu- 
tions, shock wave shapes, detachment distances, 
and photographs of the luminous gas region in the 
shock layer. It is seen that the shock detachment 
distance is smaller at higher stagnation tempera- 
tures due to the real gas effects. For the hemi- 
sphere, the pressure distribution was less than that 
predicted by the modified Newtonian theory for all 
stagnation temperatures. For a 50° cone-hemi- 
sphere, the pressure distribution and the shock 
detachment distance are appreciably affected by 
the real gas effects. 


AN EXPERIMENTAL INVESTIGATION AT A 
MACH NUMBER OF 4.95 OF FLOW IN THE VI- 
CINITY OF A 90° INTERIOR CORNER ALINED 
WITH THE FREE-STREAM VELOCITY. Appen- 
dix - APPROXIMATE METHODS FOR ESTIMAT- 
ING ERROR CAUSED BY EXCESS MASS IN THE 
CORNER, P. C. Stainback,. US, NASA TN D-184, 
Feb., 1960. 30 pp. 14 refs. Study considering 
the effects of the interaction of the shock and the 
boundary-layer on the static pressure and heat- 
transfer rate in the vicinity of an interior corner 
formed by the normal intersection of two planes 
where the line of intersection is aligned with the 
free-stream velocity. The results of the investi- 
gation indicate that the static pressure in the vi- 
Cinity of the corner is from1l0%to1l2% greater than 
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the pressure on a flat plate for the same free- 
stream conditions. The heat-transfer investiga- 
tion indicates that the laminar-flow heat-transfer 
rate in the vicinity of the corner is higher than 
theoretical values for a flat plate at the same test - 
conditions. The effect of the corner on the heat- 
transfer rate decreases with both distance from 
the corner and increasing unit Reynolds number. 
The effect of the corner on the turbulent-flow heat- 
transfer rate and the transition Reynolds number 
is negligible. 


ECOULEMENTS NEWTONIENS SUR DES SUR- 
FACES CONIQUES EN INCIDENCE. P. Laval. 
La Recherche Aéronautique, Nov. -Dec.,1959, pp. 
5-16. 12 refs. In French. Application of the re- 
cently extended Newtonian theory to the case of 
three-dimensional hypersonic flows of a perfect 
fluid over conical surfaces of circular and ellipti- 
cal cross section. The results show the advantages 
of this theory in determining the aerodynamic char- 
acteristics of conical shapes at high Mach Numbers, 


THE VISCOUS SECONDARY FLOW AHEAD OF 
AN INFINITE CYLINDER IN A UNIFORM PARAL- 
LEL SHEAR FLOW. Alar Toomre. J. Fluid 
Mech., Jan., 1960, pp. 145-155. Presentation of 
a simple method for calculating the secondary ve- 
locities and the lateral displacement of total pres- 
sure surfaces in the plane of symmetry ahead of 
an infinitely long cylinder situated normal to a 
steady, incompressible, slightly viscous shear 
flow. The cylinder is also perpendicular to the vor- 
ticity, which is assumed uniform but small. The 
method is based on lateral gradients of pressure, 
these being calculated from the primary flow alone. 
Profiles of the secondary velocities are obtained 
at several Reynolds numbers ahead of two specific 
cylindrical shapes: a circular cylinder, anda 
flat plate normal to the flow. The displacement 
effect is derived and is found to be virtually inde- 
pendent of the Reynolds number. 


EXPERIMENTS ON THE AXI-SYMMETRIC 
FLOW OVER AFTERBODIES AND BASES AT 
M= 2.0. Appendix - THE THEORETICAL PRES- 
SURE DISTRIBUTION ALONG A CONICAL AFTER- 
BODY IN INVISCID FLOW. J. ReidandR. C. 
Hastings. Gt. Brit., RAE Rep. Aero. 2628, Oct., 
1959. 67 pp. Investigation of the effect of profile 
shape and boundary-layer growth on the distribu- 
tion of pressure over the side and base of an axi- 
symmetric afterbody in a supersonic stream. 
Seven models with sealed bases were tested: a 
cylinder, three truncated cones, and three truncat- 
ed paraboloids. Supplementary tests were made 
with the cylinder to investigate the axial pressure 
distribution behind the base, the influence of a 
sting on the base pressure, and the interference 
effect on the base pressure of an isolated disturb- 
ance in the free stream. The boundary-layer 
data are compared with two theoretical methods 
of calculating boundary-layer growth due to 
Fraenkel and to Probstein and Elliott; the distribu- 
tion of afterbody pressure is compared with the 
theoretical distribution in inviscid flow; and the 
effect of afterbody angle on the base pressure is 
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compared with the semiempirical methods of cor- 
relation proposed by Chapman and by Cortright 
and Schroeder. 


ON THE FLOW PAST A QUARTER INFINITE 
PLATE USING OSEEN'S EQUATIONS. K. Stewart- 
son and L. Howarth. J. Fluid Mech., Jan., 1960, 
pp. 1-21. Analysis of the velocity distribution in 
the flow past a quarter-plane with its leading edge 
normal to, and its side edge parallel to, auniform 
incident stream. The solution is completed, ex- 
cept for a region in the vicinity of the corner, 
correct tov!/2 for small kinematic viscosity v. 
The solution is built-up successively from the po- 
tential flow associated with the uniform stream 
and a shear layer to restore the no-slip condition. 
The normal velocity introduced by this shear layer 
has to be compensated by a potential flow. This 
potential flow, inturn, introduces tangential veloci- 
ties with components parallel to both leading and 
side edges which require the introduction of a 
further shear layer. Over the main body of the 
plate this secondary shear layer is of a conven- 
tional form but requires special examination near 
the edges. It is shown how Carrier and Lewis's 
solution can be modified to give the flow near the 
leading edge away from the tip. Finally, the flow 
near the side edge is determined. 


MAGNETOHYDRODYNAMIC FLOW PAST A 
SPHERE. Kanefusa Gotoh. Phys. Soc. Japan J., 
Jan., 1960, pp. 189-196. Analysis, using the 
Oseen approximation, of the flow of an incompres- 
sible, viscous, electrically conducting fluid past 
a sphere in the presence of a uniform magnetic 
field parallel to the undisturbed flow. The drag 
coefficient is calculated up to the second order for 
the Reynolds number, the magnetic Reynolds num- 
ber, and the Hartmann number. Its numerical 
values are shown graphically for a few typical 
cases. It is found that the drag coefficient is con- 
tinuous at the pressure number S = 1, whereas it 
changes abruptly at this point in the two-dimension- 
al case. 


A LINEARIZED THEORY OF MAGNETOHYDRO- 
DYNAMIC FLOW PAST A FIXED BODY IN A 
PARALLEL MAGNETIC FIELD. Hirowo Yosinobu. 
Phys. Soc. Japan J., Jan., 1960, pp. 175-188. 
Application of a perturbation method, similar to 
the Oseen approximation in ordinary hydrodynam- 
ics, to both the flow field and the magnetic field. 

It shows that the pressure number (the ratio of the 
magnetic pressure to the dynamic pressure} plays 
an important role in determining the main features 
of the field. Detailed calculations are carried out 
for the flow past acircular cylinder, and an approx- 
imate formula for the drag per unit span of the 
cylinder is obtained. 


FLOW OF AN ELECTRICALLY CONDUCTING 
FLUID PAST A POROUS FLAT PLATE IN THE 
PRESENCE OF A TRANSVERSE MAGNETIC 
FIELD. A. S. Gupta. ZAMP, Jan. 25, 1960, pp. 
43-50. Analysis of the effect of a transverse mag- 
netic field on the steady flow of an incompressible 
electrically conducting fluid past an infinite porous 
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flat plate, when the plate is subjected to either suc- 
tion or injection. Exact solutions have been obtain 
ed for the modified Navier-Stokes and Maxwell e- 
quations under the usual assumptions of magneto- 
hydrodynamics. The equation of heat transfer, 
including viscous and Joule dissipation, has also 
been integrated and the rate of heat transfer cal- 
culated. 


THE TIME-DEPENDENT MAGNETOHYDRODY- 
NAMIC FLOW PAST A FLAT PLATE G., F. 
Carrier and H. P. Greenspan. J. Fluid Mech., 
Jan., 1960, pp. 22-32. Analysis of two magneto- 
hydrodynamic flow problems. The first problem 
considers a semi-infinite flat plate moving impul- 
sively in its own plane into an electrically conduct- 
ing viscous fluid in which the ambient magnetic 
field has the same direction as the motion of the 
plate. Results are shown to be consistent with the 
steady flow problem. Inthe second part, aninfinite 
plate is moved impulsively in its own plane in the 
presence of an ambient magnetic field which is 
perpendicular to the plane of the plate. In the a- 
nalysis, the problem is treated as that of a pipe 
of very large radius. It is pointed out that the re- 
placement of conceptually acceptable three-dimen- 
sional problems by more tractable two-dimension- 
al ones must be carefully justified. 


GENERAL THEORY OF ELECTRICALLY CON- 
DUCTING PERFECT GAS FLOW PAST A THREE- 
DIMENSIONAL THIN BODY. Shigenori Ando, 
Phys. Soc. Japan J., Jan., 1960, pp. 157-167. 
Derivation of a fundamental equation of steady flow 
in terms of a parametric function. The magnetic 
field, the flow velocity, and the pressure are all 
connected to the parametric function in such away 
that the boundary conditions for the fundamental 
equation can be written explicitly. The flow over 
a corrugated wall is treated as an application of 
the present theory in which the applied magnetic 
field may be in an arbitrary direction. 


STEADY STATE SOLUTIONS OF THE RADIO- 
FREQUENCY DISCHARGE WITH FLOW. M. F. 
Romig. Phys. Fluids, Jan.-Feb., 1960, pp. 129- 
133, Analysis of the electron density distribution 
and diffusion length for a steady-state, diffusion- 
controlled radiofrequency discharge acting over a 
finite portion of an infinite cylinder in which there 
is a uniform axial gas flow. This model simulates 
to some extent the flow in a plasma wind tunnel. 
A qualitative relationship is obtained for the influ- 
ence of active cylinder length and gas velocity 
parameter on the diffusion length. The effect of 
these parameters on the electric field necessary 
to sustain the discharge is also discussed. 


IRREVERSIBLE PROCESSES IN IONIZED GAS- 
ES. R. Balescu. Phys. Fluids, Jan. -Feb., 1960, pp. 
52-63, 27 refs. EOARDC-supported application of 
the general theory of irreversible processes, devel- 
oped previously by Prigogine and Balescu, to the case 
of long range interactions in ionized gases. A 
similar diagram technique permits the systematic 
selection of all the contributions to the evolution 
of the distribution function, to an order of approxi- 
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mately equivalent to Debye's equilibrium theory. 
The infinite series which appear in this way can 
be summed exactly. The resulting evolution equa- 
tions describe interactions of "quasi-particles, " 
which are electrons or ions "dressed" by their 


polarization clouds. These clouds are not a per- 
manent feature, as in equilibrium theory, but have 
a nonequilibrium, changing shape, distorted by 
the motion of the particles. 


MAGNETOHYDRODYNAMIC EFFECTS ON 
EXOTHERMAL WAVES. R. A. Gross, W. Chinitz 
and T. J. Rivlin. J. Aero/Space Sci., Apr.,1960, 
pp. 283-290. 15 refs. USAF-sponsored analysis 
of the elementary magnetohydrodynamic effects on 
exothermal, plane supersonic waves. One-dimen- 
sional steady flow with heat addition in the presence 
of a plane magnetic field transverse to the direc- 
tion of motion is studied. Basic equations are de- 
rived and solved numerically for several ideal 
conditions which correspond to gaseous detonations 
and thermonuclear shocks. The magnetic field 
acts on the flow in a way which tends to counteract 
the heat-addition effects. The singular solution 
still exhibits the classical Chapman-Jouguet condi- 
tions. Some properties of high-temperature gas 
mixtures are presented, including the electrical 
conductivity of air shocks and fuel-air detonations. 
Experimental implications of the analysis and nu- 
merical results are discussed. 


CONTRIBUTION A LA THEORIE DES ONDES 
DE CHOC EN MAGNETODYNAMIQUE DES 
FLUIDES,. P. Germain. France, ONERA Pub. 
97, 1959. 33 pp. 17 refs. In French. Investiga- 
tion covering the theory of shock waves in magneto- 
hydrodynamics. The derivation of general equa- 
tions is explained in detail, and a definition of the 
differential system is given along with the formula- 
tion of the problem. The case of shocks in perfect 
fluids is studied, neglecting the dissipation me- 
chanisms; solutions are obtained for the linear sys- 
tem representing the asymptotic behavior of the 
nonlinear system in the neighborhood of a singular 
point; and the results are presented on the exist- 
ence and uniqueness of a rapid shock, the instabili- 
ty - i.e., the nonexistence of intermediate shocks, 
and the possibility of a stable slow shock. 


O MAGNIT OGIDRODINAMICHESKIKH UDAR- 
NYKH VOLNAKH, IONIZUIUSHCHIKH GAZ, A. G. 
Kulikovskii and G. A. Liubimov. AN SSSR Dokl., 
Nov. 1, 1959, pp. 52-55. In Russian. Study ofthe 
structure of magnetohydrodynamic waves ionizing 
the gas. Considered are cases where only two 
dissipative coefficients - i.e., magnetic viscosity 
and molecular viscosity, or magnetic viscosity 
and thermal conductivity - are different from zero, 
It is assumed that the magnetic and electric fields 
are normal to each other and parallel to the plane 
of the wave front. The piston problem is also 
covered, 


OPTIMUM POWER GENERATION FROM A 
MOVING PLASMA, J. L. Neuringer. J. Fluid 
Mech,, Feb., 1960, pp. 287-301. USAF-sup- 
ported analysis considering the following two 
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problems: (1) the extraction of optimum power 
from the steady one-dimensional flow of an in- 
compressible inviscid plasma across a uniform 
transverse magnetic field in an externally loaded 
channel of arbitrarily varying cross section, and 
(2) the extraction of optimum power from the 
steady one-dimensional flow of a compressible 
inviscid plasma across a uniform transverse mag- 
netic field in a channel of uniform cross section, 
In each case, the magnitude of the required exter- 
nal loading at optimum power operation is deter- 
mined as a function of the parameters which char- 
acterize the hydromagnetic interaction. Also 
determined are the magnitudes of the terminal 
voltage, power, fluid mechanical to electrical 
conversion efficiency, and the variation of the 
fluid dynamic variables along the channel at opti- 
mum power. 


FLOW ABOUT AN UNSTEADILY ROTATING 
DISC. E. M. Sparrow and J. L. Gregg. J. 
Aero/Space Sci., Apr., 1960, pp. 252-256, 290. 
Analysis of the unsteady laminar flow about a rotat- 
ing disc whose angular velocity w may vary with 
time. The deviation of the actual instantaneous 
state of the flow from the quasi-steady state (in- 
stantaneous steady state) is determined. From 
this, a simplified criterion is derived to define the 
conditions under which the flow can be considered 
as quasi-steady for the purposes of shear stress 
and torque computations. Since a turbulent flow 
responds more rapidly than a laminar flow, the 
quasi-steady criterion should also serve for the 
turbulent case. 


A GRAPHICAL SOLUTION OF SHOCK EQUA- 
TIONS. Ch. E. Treanor and M. J. Williams. 
Cornell Aero. Lab. Rep. AD-1118-A-4 (AFOSR 
TN 59-1088), Nov., 1959. 32 pp. Presentation of 
a rapid graphical method for calculating the condi- 
tions behind a normal shock. The method applies 
to any gas for which the enthalpy is known as a 
function of pressure and density. The accuracy 
is limited only by that of the available graph of the 
gas properties. The necessary working graphs 
for air, O2 and No (complete thermodynamic equi- 
librium), and for NO(without chemical reaction) 
are included, along witha template for use in at- 
taining the solution. 


ON THE STABILITY OF ONE-DIMENSIONAL 
VISCOUS FLOWS: SOUND WAVES AND SHOCK 
WAVES. L. G. Kaufman, Il, and Morris Mordu- 
chow. USAF WADC TR 59-355, Aug., 1959. 44 
pp. 29 refs. Development of a set of two linear 
homogeneous, simultaneous, ordinary differential 
equations for small one-dimensional disturbances, 
based on the one-dimensional Navier-Stokes e- 
quations with viscosity and heat conduction and 
with Prandtl number equal to 3/4. The steady 
flow solutions analyzed are uniform flows and nor- 
mal shock waves. The solutions for the disturb- 
ances in uniform flows can be interpreted as damp- 
ed sound waves, and indicate that the uniform 
flows in a viscous fluid are stable. The solutions 
for the disturbances in normal shock waves are 
obtained by approximate methods and indicate that 
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for all (supersonic) Mach numbers for which the 
Navier-Stokes equations are valid, disturbances 
having wavelengths greater than about a ten thou- 
sandth of an inch will tend to amplify with time. 
Thus, the steady shock-wave solutions of the one- 
dimensional Navier-Stokes equations are unstable. 


THE PROPAGATION OF SHOCK WAVES OF 
CONSTANT STRENGTH. A. G. Mackie and D. G. 
Weir. Cambridge Philos. Soc. Proc., Jan., 1960, 
pp. 64-74. Study of conditions under which plane 
shock waves of constant strength can propagate 
through a gas in a given homentropic motion. 
Since the entropy change across the shock is taken 
to be constant, homentropic flow exists also be- 
hind the shock. The motion behind the shockis de- 
termined by solving a Cauchy problem with data 
given on the back of the shock. The theory is 
illustrated by two examples, one of which gener- 
alizes a result obtained by Copson. 


A METHOD OF SOLUTION WITH TABULATED 
RESULTS FOR THE ATTACHED OBLIQUE SHOCK- 
WAVE SYSTEM FOR SURFACES AT VARIOUS 
ANGLES OF ATTACK, SWEEP, AND DIHEDRAL 
IN AN EQUILIBRIUM REAL GAS INCLUDING THE 
ATMOSPHERE. Appendix A - ALTERNATE 
METHOD FOR SOLUTION TO SWEPT LEADING 
EDGES. Appendix B - EQUILIBRIUM RELATIONS 
FOR OBLIQUE SHOCKS IN A REALGAS, R. L. 
Trimpi and R. A. Jones. US, NASA TR R-63, 
1960. 157 pp. 10 refs. Presentation of a new 
method for solving the attached oblique shock-wave 
system for surfaces at various angles of attack, 
sweep, and dihedral inany real gas in equilibrium. 
Results are tabulated for the following ranges: 
angle of attack, 0° to 65°; angle of sweep, 0° to 
75°; angle of dihedral, 0° to 30°; Mach number, 

3 to 30; and "effective specific-heat ratio" pa- 
rameter, 1.10 to 1.67. Both the method and tabu- 
lated solutions are easily adaptable to flight in any 
gas or in the atmosphere of any planet. 


SHOCK-WAVE STRUCTURE BASED ON IKEN- 
BERRY-TRUESDELL APPROACH TO KINETIC 
THEORY OF GASES. R. E. Street. US, NASA 
TN D-365, Feb., 1960. 60 pp. 12 refs. Presen- 
tation of a brief review of the Ikenberry-Truesdell 
method of solution of the Boltzmann equation, in 
which emphasis is placed upon the procedure called 
Maxwellian iteration. Corrections to the various 
iterations are made. This approach is then applied 
to the problem of shock-wave structure. A series 
solution of the type used by Grad for his equation 
and by Talbot and Sherman for the Chapman-Enskog 
equations is used to find the velocity and tempera- 
ture profiles for a steady, plane shock wave in an 
ideal gas of Maxwellian molecules. 


A THREE-DIMENSIONAL LINEARIZED ANAL- 
YSIS OF THE FORCES EXERTED ON A RIGID 
WING BY A SHOCK WAVE. F. E. EhlersandE. M. 
Shoemaker. J. Aero/SpaceSci., Apr.,1960, pp. 
257-260. Extension of a previous analysis to the 
case where the shock wave is not parallel to the 
edge of the half-plane. The three-dimensional 
problem is reduced to the two-dimensional case and 
solved for the pressure distribution over the wing. 
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A REFINEMENT OF THE LINEARIZED TRAN- 
SONIC FLOW THEORY. Iwao Hosokawa. Phys. 
Soc. Japan J., Jan., 1960, pp. 149-157. 12 refs. 


Presentation of a new method to calculate the ve- 
locity and pressure distributions around a thin 
symmetrical airfoil or a slender body of revolution 
flying at transonic speed. It is essentially a re- 
finement of the linearized transonic flow theory 
due to Oswatitsch and Maeder, such that a correc- 
tion term is introduced to take account of the non- 
linear character of the transonic flow. As exam- 
ples ofthe application, asymmetrical circular-arc 
airfoil and a circular-arc body of revolution in the 
sonic flow are dealt with, and the results are found 
to be in good agreement with experiments, except 
for the rear portion in the latter case. 


ONE-DIMENSIONAL EQUILIBRIUM SPECTRA 
IN ISOTROPIC TURBULENCE, W. H. Reid. Phys. 
Fluids, Jan.-Feb.,1960, pp. 72-77. 12 refs. 
ONR-supported presentation of the one-dimen- 
sional equilibrium spectra in isotropic turbulence 
for the physical transfer theories of Heisenberg, 
Kovasznay, and Qbukhoff, including acomparison 
with experimental measurements. For two of the 
theories (Heisenberg's and Kovasznay's), reason- 
able agreement is obtained for the wave number 
k » < 0.04, but for larger values of k » there is 
considerable divergence between theoretical and 
experimental results. The relationship between 
the equilibrium and similarity spectra is also 
discussed for these two theories. 


Internal Flow 


NIEKTORE WYNIKI BADAN DOSWIADCZ- 
ALNYCH PALISADY KIEROWNICZYCH LOPATEK 
TURBINOWYCH O MALEJ WYSOKOSCI. Jozef 
Smigielski and Romuald Puzyrewski. Arch. 
Budowy Maszyn, No. 3, 1959, pp. 363-380. In 
Polish, with summaries in English and Russian. 
Investigation of a cascade of turbine nozzle blades 
of small height (0.38 < 1/b < 0.97) with veloci- 
ties corresponding tothe Machnumber of 0.25 < 
M2 € 0.58. The results include the measure- 
ment of the outlet angle and the magnitude of loss- 
es, taking into consideration, besides the changes 
of the ratio 1/b and the Mach number, the changes 
of the pitch t/b and the ratio of the width of the 
outlet to the height of the blades. Certain conclu- 
sions are drawn from the results concerning the 
effects of the individual parameters. 


WPLYW TARCIA NA ROZPREZANIE GAZU 
W SKOSNYM SCIECIU KIEROWNIC TURBINO- 
WYCH. Leon Niemand. Arch. Budowy Maszyn, 
No. 3, 1959, pp. 407-426. In Polish, with sum- 
maries in English and Russian. Discussion of the 
effect of friction upon gas expansion in the oblique 
section of turbine guide vanes. By means of the 
integration of the equation of flow between the 
critical and the minimum sections, an expression 
is obtained for the Laval number for the minimal 
guide section as a function of the friction coeffi- 
cient cr and the overall dimensions of the transit 
duct of the vanes. Considering the entropy incre- 
ment between the critical and the minimal sections, 
an expression is obtained for the velocity coeffi- 
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cient y for the subcritical part of the guides as a 
function of the friction coefficient c¢ and its geo- 


metric parameters. It is shown that in order to 
obtain an exit gas velocity equal to the critical, it 
is necessary to have a pressure ratio smaller than 
+ i)] ae / (2 where @ is the isentropic 
exponent. The value of this ratio depends mainly 
upon the friction coefficient cs, the Laval number, 
and the guide vane angle of inclination. The veloci- 
ty coefficient for the cascade, comprising the 
oblique section, depends on the Laval number and 
is a function of the enthalpy drop. 


POROWNANIE POD WZGLEDEM SPRAWNOSCI 
REGULACJI STALEGO CISNIENIA SPREZAREK 
ODSRODKOW YCH DZIALAJACYCH NA ZASADZIE 
DLAWIENIA W RUROCIAGU TLOCZNYM, DZiA- 
WIENIA W RUROCIAGU SSAWNYM LUB NASTAW- 
NYCH LOPATEK DYFUZOROW. Andrzej Wsze- 
laczynski. Arch. Budowy Maszyn, No. 3, 1959, 
pp. 381-405. In Polish, with summaries in English 
and Russian. Comparison of the constant pressure 
regulation efficiency of centrifugal compressors 
considering the principle of choking in the section 
duct, choking in the forcing duct, or the use of 
adjustable diffusor vanes. "Regulation efficiency" 
is defined in mathematical terms by means of an 
equation which holds for all three methods of regu 
lation considered. It is found that the efficiency 
of regulation by adjustable diffusor vanes is great- 
er than that by choking in the forcing duct. Regu- 
lation by choking in the section duct is the least 
efficient. 


AN INVESTIGATION OF DIFFUSION IN A SU- 
PERSONIC COMPRESSOR STATOR BY MEANS 
OF AERODYNAMIC CONTROL. V. D. Agosta 
and J. P. DeCarlo. Polytech. Inst. Bklyn., Dept. 
Aero. Eng. & Appl. Mech., PIBAL Rep. 531, Dec., 
1959. 46 pp. 20 refs. ONR-sponsored applica- 
tion of a two-dimensional approach to the design of 
a Mach 3 supersonic diffuser which included the 
use of bleed ports to satisfy starting requirements. 
The experimental approach was conducted so that 
the maximum pressure recovery was achieved for 
a minimum of air bleed. In addition, a geometri- 
cal scaling technique to increase the mass flow 
through the diffuser without losses in pressure re- 
covery was devised. The particular advantages 
of employing a compressor operating supersonical- 
ly enable the design of a smaller, lower weight 
turbojet engine operating at a thrust comparable 
to that of a conventional jet engine. For an in- 
crease in the entrance Mach number from 2.00 
to 2.57, a 37% increase in thrust and a 6.1% 
decrease in specific fuel consumption are achieved, 


EFFECT OF A VARIABLE-GEOMETRY DIF- 
FUSER ON THE OPERATING CHARACTERISTICS 
OF A HELIUM TUNNEL DESIGNED FOR A MACH 
NUMBER IN EXCESS OF 20. P. J. Johnston and 
R. D. Witcofski. US, NASA TN D-237, Feb., 
1960, 20 pp. Experimental investigation conduct- 
ed in a 3-in. helium tunnel equipped with a conical 
nozzle and operating at a Mach number of 20 to 
determine the effectiveness of variable-geometry 
supersonic diffusers in decreasing the overall 
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pressure ratio required to maintain flow. Four 
diffuser entrance wall lengths are investigated. 
The results indicate that the overall pressure ratio 
required to maintain flow, if a constant-area dif- 
fuser is used, could be decreased 34% by utilizing 
an optimum combination of diffuser entrance wall 
length and diffuser entrance wall angle. For this 
combination, only 61% of test-section pitot pres- 
sure could be recovered by the diffuser. 


FORCE-MOMENTUM FIELDS IN A DUAL-JET 
FLOW. D. R. Miller and E. W. Comings. 
J. Fluid Mech., Feb., 1960, pp. 237-256. Pres- 
entation of measurements for the mean velocity, 
mean flow direction, normal turbulent stress in 
the direction of flow, and mean static pressure of 
the subsonic flow field generated by identical twin 
jets of air issuing from parallel slot nozzles. At 
the low nozzle velocity employed (72ft./sec.), the 
flow was effectively incompressible. Since the end 
walls prevented interjet air entrainment from the 
surroundings, a region of highly convergent flow 
was formednear the nozzles. Inthis region, contour 
maps clearly reveal (1) the sub-atmospheric static 
pressure trough that accounts for the jet conver- 
gence, (2) a free stagnation point on the plane of 
symmetry, (3) stable symmetrical contrarotary 
vortices which recycle air on the concave side of 
each converging jet, and (4) the superatmospheric 
static pressure mound that redirects the merging 
jet streams in a common downstream direction. 


THE STABILITY AND TRANSITION OF A 
TWO-DIMENSIONAL JET. Hiroshi Sato. J. Fluid 
Mech., Jan., 1960, pp. 53-80. 17 refs. Experi- 
mental and theoretical investigation of the transition 
in a jet. In the region where laminar flow becomes 
unstable, two kinds of sinusoidal velocity fluctua- 
tions have been found; one is symmetrical and the 
other is antisymmetrical with respect to the cen- 
terline of the jet. The fluctuations grow exponen- 
tially at first, and develop intoturbulence without 
being accompanied by abrupt bursts or turbulent 
spots. The response characteristics of laminar 
jets to artificial external excitation are investigat- 
ed in detail by using sound as an exciting agent. 
The effect of excitation was seen most clearly 
when the frequency of excitation coincided with that 
of self-excited sinusoidal fluctuations. Numerical 
solutions of the equation of small disturbances 
superposed on laminar flow were obtained assum- 
ing the Reynolds number as infinity. Theoretical 
eigenvalues and eigenfunctions are in good agree- 
ment with experimental results, thus verifying the 
existence of a region of linear disturbance in the 
two-dimensional jet. 


EXPERIMENTAL INVESTIGATION OF MIXING 
OF MACH NUMBER 3.95 STREAM IN PRESENCE 
OF WALL. Marian Visich, Jr., and P. A. Libby. 
US, NASA TN D-247, Feb., 1960. 47 pp. 18 refs, 
Study of the turbulent mixing of a supersonic 
stream with a subsonic stream bounded by a wall. 
The mainstream is kept at a constant Mach num- 
ber while the mass flow of the secondary stream 
is varied from zero to a value assuring subsonic 
flow at the origin of mixing. The difficulties as- 
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sociated with a theoretical treatment of the flow 
are discussed; the test rig and the testing tech- 
niques are described; and the static pressure dis- 
tributions along the lower wall and the total head 
distributions at three downstream stations, for 
various Mach numbers in the secondary flow, are 
studied. The total-head profiles are interpreted 
in terms of velocity profiles which are then corre- 
lated in terms of an extension of the law of the 
wall and the law of the wake to compressible flow. 


Wings & Airfoils 


COMPUTATION OF THE INCREMENT OF 
MAXIMUM LIFT DUE TO FLAPS. A. Roshko. 
Douglas Rep. SM-23626, July 13, 1959. 9 pp. 
Development of a method for correlating stall, 
other than that due to Rettie, using thin airfoil the- 
ory, and verification of the concept that canbe 
correlated for thin airfoils having the same nose. 
The values of the ideal angle of attack («j;) and 
the basic lift at this angle (C)p) are computed for 
an uncambered symmetrical airfoil with leading 
edge or trailing edge flaps. A methodis shown for ex- 
tending this correlation to the cambered airfoil. 
Comparison is made with experiments for the lead 
ing edge flap and shows good correlation up to a 
flap angle of 20°, 


THE EFFECT ON THE DRAG OF A WING- 
BODY COMBINATION OF MOMENT-OF-AREA- 
RULE MODIFICATIONS WITH PODS DUCTED TO 
SIMULATE ENGINE NACELLES. R. R. Dickey 
and L. L. Levy, Jr. US, NASA TN D-308, Feb., 
1960. 15 pp. ll refs. Experimental investigation 
to determine if moment-of-area-rule modifications 
with pods ducted to simulate engine nacelles are 
as effective for reducing the wave drag of wing- 
body combinations as moment-of-area-rule modi- 
fications with unducted pods. The zero-lift drag 
of a basic wing-body combination with an elliptic 
plan form wing of aspect ratio 3.0 and of the basic 
model with two separate moment-of-area-rule 
modifications is measured at Mach numbers from 
0.6to1.4. The two modified models are identical 
except that the inboard pods of one of the models 
are ducted to simulate engine nacelles with inter- 
nal-compression-type inlets. The results indi- 
cate that the modifications utilizing inboard pods 
ducted to simulate engine nacelles are at least as 
effective as the modifications utilizing unducted 
pods for reducing the wave drag, and that modifi- 
cations with either ducted or unducted pods provide 
large reductions in wave drag. 


AEROELASTICITY 


BEAM VIBRATIONS WITH QUASI-ORTHOGO- 
NAL BOUNDARY CONDITIONS. Y. C. Das, L. 
E. Goodman, and A. R. Robinson. USAF WADC 
TR 59-76, Nov., 1959. 39 pp. Development of 
an exact solution for the transient and steady-state 
motion of beams when rotational or translational 
viscous damping enters the boundary conditions. 
The method is applicable to any structures whose 
governing differential equations and boundary con- 
ditions would, in the absence of energy dissipation, 
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constitute a classical Sturm-Liouville system. 
The unusual feature of the method is that the dis- 
placement and velocity are considered as two in- 
dependent functions and the kinematic relation 
between them is not immediately imposed. Quasi- 
orthogonality relations which are obtained for any 
set of two modes permit expansion of any suffi- 
ciently smooth function in a series of eigenfunc- 
tions. This makes the completion of the solution 
possible. 


PRESSURE DISTRIBUTION AND FLUTTER 
ANALYSIS OF LOW-ASPECT-RATIO WINGS IN 
SUBSONIC FLOW, Pao-Tan Hsu and W. H. 
Weatherill. MIT ASRL TR 64-3, June, 1959. 47 
pp. 2l refs. Navy-supported application of a 
numerical solution of the subsonic compressible 
flow pressure-downwash integral equation to obtain 
results for pressure distributions over oscillating 
rectangular and delta wings, presented together with 
a flutter analysis of adelta wing and a method for 
handling the effects ofan ailerpn on a two-dimen- 
sional oscillating airfoil. The work is based onthe 
methods presented previously by Hsu, in which an 
assumed series is used to represent the pressure 
for which the coefficients are evaluated using the 
known downwash. Numerical evaluation of the 
integral is carried out using sets of integration 
and collocation stations preselected in such a 
fashion as to yield optimum results. Lift and mo- 
ment coefficients and their corresponding phase 
angles are calculated for rectangular wings of as- 
pect ratio 1.0 and 2.0 and delta wings of aspect 
ratio 1.07 and 2.31 undergoing vertical translation 
and pitch about the mid-chord motions, To extend 
the kernel function method to include the effect of 
a control surface, a logarithmically singular pres- 
sure distribution term is included in the pressure 
series. 


WIND TUNNEL TESTS ON THE FLUTTER OF 
A SWEPT AND UNSWEPT WING WITH AILERONS., 
H. Halland J. A. Rein. Gt. Brit., RAE Rep. 
Struc. 253, Oct., 1959. 13 pp. Presentation of 
the results of low-speed flutter tests on an un- 
swept anda 40° sweptback wing, each wing havinga 
half span, quarter chord aileron. The aileron 
mass balance and hinge stiffness were varied in 
the tests. The limiting value of the mass balance, 
above which flutter of the wing flexure-aileron 
rotation type does not occur, is determined. Flut- 
ter calculations are made which give very good 
agreement with the measured characteristics of 
the unswept wing and reasonable agreement with 
the swept wing. 


CONTROLE PAR MAQUETTES PROPULSEES 
SOL-SOL DE COEFFICIENTS AERODYNAMIQUES 
DE FLOTTEMENTS DETERMINES EN SOUFFLE- 
RIE. R. Destuynder. La Recherche Aéronautique 
Nov. -Dec., 1959, pp. 41-45. In French. Descrip 
tion of experiments used to obtain data for the de- 
sign of full-scale structures. The procedure 


comprises wind-tunnel tests on models for deter- 
mining the nonstationary aerodynamic coefficients; 
the results are then verified on transonic or su- 

personic free-flight models. 


Results obtained on 
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eight different models are given and the experi- 
mental methods are described in detail. 


A PROBABILITY ANALYSIS OF COINCIDENT 
GUST AND MANOEUVRE LOADS IN LOW-FLYING 
AIRCRAFT. S. D. Baxter, J. Liiva, and R. T. 
Sewell. Canada, NRC Aero. Rep. LR-264, Nov. 
17, 1959. 30 pp. Analysis considering the fre- 
quency distribution of the joint occurrence of a 
gust and a maneuver and, from this, calculation 
of the hours to equal or exceed preassigned load 
levels. Results are obtained by two methods of 
solution - one, a purely mathematical approach, 
and the other, electrical simulation. 


LOW FREQUENCY FLEXURAL VIBRATIONS 
IN ELASTIC PLATES. V. T. Buchwald. Quart. 
J. Mech. & Appl. Math., Nov., 1959, pp. 454- 
463. Analysis showing that simple assumptions 
about the transverse displacement and the shear 
stresses lead to two equations for flexural vibra- 
tions of plates, corresponding to three modes of 
vibration. The equations obtained are compared 
with the exact solutions for the propagation of 
plane flexural waves, and it is shown that if the 
frequency is less than a certain value, correspond 
ence is very good between the two sets of equations, 
The results are also compared with similar results 
obtained from Mindlin's equations. 


AIRPLANES 


Air Conditioning, Pressurization 


DECOMPRESSION OF A PUNCTURED PRES- 
SURIZED CABIN. S. T. Demetriades. Northrop 
ND Rep. NB-59-224, Sept. 1, 1959. 34 pp. 10 
refs. Development of expressions for the flow 
velocity, density, and pressure, at any point in 
a cabin which is suddently punctured, until the 
instant the reflected rarefaction wave reaches the 
point. These expressions apply to holes of any 
size and for ambient pressures of any magnitude. 
Methods are presented (a) for calculating the 
forces on bodies in the cabin and on the body of 
the vehicle due to the flow of gas out of the cabin 
and (b) for estimating the time necessary for decom- 
pression to any lower pressure. These forces 
may be large compared to all other dynamic and 
propulsion loads. It is concluded that for holes of 
size equal in order of magnitude to the cross-sec- 
tional area of the cabin, the results of a sudden 
decompression are rapid and catastrophic. Small 
holes present less danger. 


Control Systems, Automatic Pilots 


ON THE DESIGN OF A HIGH-GAIN SATURAT- 
ING CONTROL SYSTEM FOR USE AS AN ADAP- 
TIVE AUTOPILOT. Appendix - DERIVATION OF 
LIMITER GAIN IN THE PRESENCE OF DITHER. 
J. D. McLean and S. F. Schmidt. US, NASA TN 
D-305, Feb., 1960. 48 pp. Analysis showing that 
the system studied can control an aircraft over 
very large ranges of flight conditions without re- 
sort to air data measurements. Analytical methods 
are presented for predicting the frequency, ampli- 
tude, and effect on performance of the inherent 
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limit cycle or "chatter.'' Methods are also given 
for reducing the chatter amplitude and its unde- 
sirable effects on the low-frequency response. At 
low dynamic pressures, limiting and low aerody- 
namic gain can result in poor damping or instabili- 
ty. One method of compensating for this difficulty 
is presented. 


DOCUMENTATION 


THE CONSTRUCTION OF RESEARCH FILMS. 
D. H. Densham. NATO AGARDograph 33, 1959, 
Published for and on behalf of AGARD, NATO, by 
Pergamon Press, 1959. 104 pp. $4.50; 30s. 
Presentation of information designed to give spon- 
sors and scientists an approach to documentary 
and educational film making. Basic principles are 
covered, including the adoption of a small budget 
to give maximum use with limited means and e- 
quipment and the full employment of existing re- 
search material. Discussion includes the equip- 
ment technicians should use, latest developments 
in color filming, magnetic tape recording, and 
modern motion picture equipment. Problems of 
lighting, sound, animation, and editing are cover- 
ed, and common faults are shown. 


MISSILE, ROCKET, & SPACE TECHNOLOGY 


THE FIRST SIX SKYLARK FIRINGS. E. B. 
Dorling. Gt. Brit., RAE TN G.W. 530, Oct., 
1959. 116 pp. 14 refs. Discussion of the Skylark 
high altitude rocket, designed to carry payloads of 
100-150 lb. to heights up to 100 miles using a Rav- 
en solid propellant motor. The design, instrumen- 
tation, aerodynamics, and performance of the 
rocket are described. Details of the six firings 
are given, including the results of some high-alti- 
tude experiments. 


STEP-ROCKETS. Josef Schmidtmayer. Acta 
Technica, No. 5, 1959, pp. 379-403. 23 refs. 
Analysis of multi-stage rockets by means of a 
triad of dimensionless parameters first used by 
Vertregt. The relations between these parameters 
and the masses of the subrockets and their parts 
are given, and some general conclusions are de- 
duced for the optimum design of a step-rocket. 
Some results are given which make possible a 
rapid estimate of the total mass of a step-rocket, 
if the exhaust velocities and, similarly, the struc- 
tural parameters of all steps are equal to each 
other. 


Ballistics, Re-Entry 


REQUIREMENTS OF TRAJECTORY CORREC- 
TIVE IMPULSES DURING THE APPROACH 
PHASE OF AN INTERPLANETARY MISSION. Ap- 
pendix A - OPTIMUM SOLUTION - SPECIAL 
CASE (R=R,,). Appendix B - VELOCITY IM- 
PULSES ALINED IN DIRECTIONS OTHER THAN 
OPTIMUM. Appendix C - DEVELOPMENT OF E- 
QUATIONS DESCRIBING TRANSFER MANEUVERS, 
A. L. Friedlander and D. P. Harry, Il. US, 
NASA TN D-255, Jan., 1960. 53 pp. Analysis 
of the minimum velocity impulse required to cor- 
rect off-course trajectories. The target is defined 
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in terms of the perigree distance. The equations 
derived are limited to two-dimensional motion in 
a symmetrical inverse-square central force field. 
The magnitude of the minimum velocity vector is 
presented in dimensionless form for an extensive 
range of initial conditions. The contribution of 
corrective impulses to the total requirements of a 
round-trip Mars mission is shown. Expressions 
for the errors in corrected perigree (miss dis- 
tance) due to magnitude and alignment errors of 
the applied thrust are derived. 


NECESSARY CONDITIONS FOR OPTIMAL 
ROCKET TRAJECTORIES. D. F. Lawden. Quart 
J. Mech. & Appl. Math., Nov., 1959, pp. 476- 
487. Analysis which expresses the problem of trans- 
ferring a rocket with minimum expenditure of pro- 
pellant between two terminals ina given gravita- 
tional field and in the absence of aerodynamic 
forcesas a Mayer type problem in the calculus of 
variations. The known solution to this problem is em- 
ployed to yield a set of necessary conditions to be 
satisfied by the optimal trajectory. As an illus- 
tration of the general results, the particular case, 
when the yield is uniform, is solved. 


THEOREM OF IMAGE TRAJECTORIES IN THE 
EARTH-MOON SPACE, Angelo Miele. Boeing 
Sci. Res. Lab. FSL Rep. 21, Dl-82-0039, Jan., 
1960. 14 pp. Analysis considering the motion of 
a small vehicle in the earth-moon space under 
‘several hypotheses relative to the behavior of the 
earth-moon system. Two theorems associated 
with the relative motion of the vehicle are estab- 
lished: the theorem of image trajectories and the 
irreversibility theorem. The theorem of image 
trajectories states that, if a trajectory is physi- 
cally possible in the earth-moon space, the image 
of this trajectory with respect to the earth-moon 
axis is also physically possible, provided the 
image trajectory is in the opposite sense. This 
reduces the time necessary for analyses since a 
set of moon-to-earth trajectories can be obtained 
by a simple transformation of coordinates, once the 
corresponding set of earth-to-moon trajectories 
is calculated. The irreversibility theorem states 
that, if a trajectory is physically possible in the 
earth-moon space, the reverse trajectory is not 
physically possible. Finally, the case of a looped 
trajectory is considered and, as a corollary to 
these two theorems, it is shown that all looped 
paths of artificial satellites of the earth-moon sys- 
tem are asymmetric with respect to the earth- 
moon axis. 


ZUR AUSWAHL VON FLUGBAHNEN FUR 
BEMANNTE RAUMFAHRZEUGE ZU DEN PLA- 
NETEN MARS UND VENUS. K. A. Ehricke. 
Raketentech. & Raumfahrtforsch., Jan.-Mar., 
1960, pp. 16-22. 10 refs. In German. Investiga- 
tion of the parameters for the selection of transfer 
orbits to Mars and Venus for the case of manned 
space missions, in particular, a short mission 
period, The minimum-time transfer orbits re- 
quire a higher performance of the propulsion sys- 
tem, but, compared to the Hohmann transfer or- 
bits, are less limited in the selection of departure 
time and allow a variation of the waiting period. 
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Guidance, Control, Stability 


STATIC STABILITY AND SEPARATION CHAR- 
ACTERISTICS OF A TWO-STAGE ROCKET CON- 
FIGURATION AT MACH NUMBERS FROM 1.57 
TO 4.50. K. L. Turner, D. S. Shaw, and L. W. 
Enderson, Jr. US, NASA TN D-188, Jan., 1960. 
35 pp. Investigation conducted on a model of a 
two-stage rocket at Reynolds numbers per ft. 
from 1.5 x 10° to 4.0x 106, The stages are tested 
separately, combined, and during systematic sepa- 
ration from each other. Results indicate that 
the complete model is statically stable throughout 
the test Mach number range. The stability and 
normal-force parameters decrease with an in- 
crease in Machnumber. The complete configura- 
tion should incorporate larger fins to insure a 
positive static margin throughout the test Mach 
number range. At a model roll angle of 90° the 
complete configuration is more stable and produces 
more normal force than a model at roll angle of 
0°. Stage Ilis stable and produces positive nor- 
mal force at a Mach number of 4.50. To insure a 
successful separation of the two stages, it appears 
that stage Il should be ignited before separation. 


ON MID-COURSE GUIDANCE IN SATELLITE 
INTERCEPTION. G. W. Morgenthaler. Astro- 
nautica Acta, Fasc. 6, 1959, pp. 328--346. USAF- 
supportedanalysis whichassumes that the intercept- 
ing rocket vehicle has attained an orbit and small 
mid-course velocity corrections are desired to 
place the rocket in proximity to the satellite so 
that terminal guidance schemes may effect the 
rendezvous. This constitutes a central force, 
mid-course, guidance problem of the first-order 
correction type involving small, impulsive correc- 
tive thrusts. Precision mid-course guidance may 
be attained by repetition of the scheme at several 
points en route. The guidance equations are de- 
veloped, and a method of solution is described on 
the basis of the impulsive correction assumption. 


Spac ecraft 


MOTION OF A SATELLITE IN THE EARTH'S 
GRAVITATIONAL FIELD. G. V. Groves. Royal 
Soc. (London) Proc., Ser. A, Jan.19, 1960, pp. 48-65. 
Development of equations of motion considering the 
precession and nutation of the earth. The main part 
of the study deals with the motion arising from 
the gravitational field of the earth, expressed as 
a general expansion in spherical harmonics. By 
evaluating the partial derivatives in Lagrange's 
planetary equations, expressions are obtained for 
the rates of change of the orbital elements. Par- 
ticular consideration is given to the form of the 
expressions for the secular terms arising from 
the first four zonal harmonics. 


A UNIFIED ANALYTICAL DESCRIPTION OF 
SATELLITE ATTITUDE MOTIONS. R. E. Rober- 
son. (ARS 13th Annual Meeting, New York, Nov. 
17-21, 1958.) Astronautica Acta, Fasc. 6, 1959, 
pp. 347-355, Study in which previous formulations 
of the equations of satellite attitude motion and 
the perturbation torques on the satellite are unified 
and generalized. Equations of motion are develop 
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ed in terms of arbitrarily large attitude deviation 
angles relative to an arbitrary attitude reference 
frame. Explicit expressions are obtained for ef- 
fective external and parametric excitation torques 
from internal moving parts, inertial reaction con- 
trol parts, and motion of the attitude reference 
frame. The gravitational torque on the satellite 
is given in the sense of a definite sequence of ma- 
nipulations, although the final result is notexplicit. 
The equations of motion are linearized, and an ex- 
pression is derived for the excitation torque which 
arises from the second-order terms usually neg- 
lected. 


ON SATELLITE ORBITS. IV - SOME NEW 
METHODS OF SATELLITE ORBIT CALCULA- 
TIONS AND STABILITY PROBLEMS. Herbert 
Knothe. USAF MDC TR59-3”, Sept.,1959. 21 pp. 
Presentation of three refinements to previous calcula- 
tions on orbit mechanics. The equations of motion 
of a satellite are reduced to a system of two ordi- 
nary first-order differential equations, considering 
rotationally symmetric gravitational anomalies. 

A system of three ordinary first-order differential 
equations is derived to describe the osculating 
ellipse. Finally, a differential geometrical ap- 
proach is applied which leads to simple formulas 
for the calculation of the regression. Avector inte- 
gral equation is derived for the deviation of the satel- 
lite from the plane of the initial osculating ellipse. 


THE CONTRACTION OF SATELLITE ORBITS 
UNDER ‘THE INFLUENCE OF AIR DRAG, I - 
WITH SPHERICALLY SYMMETRICAL ATMOS- 
PHERE,. D. G. King-Hele, G. E. Cook, and D. 
M. C. Walker. Gt. Brit., RAE TNG.W. 533, 
Nov., 1959. 46 pp. 2l refs. Analysis, by a per- 
turbation method, of the effect of air drag on satel- 
lite orbits of small eccentricity e(< 0.2), on the 
assumption that the atmosphere is spherically 
symmetrical. Equations are derived which show 
(1) how orbital period and perigee distance vary 
with eccentricity as the orbit contracts, and (2) 
how each of these quantities varies with time. The 
equations of type (1) are nearly independent of the 
oblateness of the atmosphere. In allthe equations, 
terms of order e* andhigher are usually neglected. 


AERODYNAMIC DRAG OF NEAR EARTH SAT- 
ELLITES. Appendix - THE DRAG OF AN IN- 
CLINED CIRCULAR CYLINDER. G. E. Cook. 
Gt. Brit., RAE TN G.W. 531, Sept., 1959. 45 pp. 
15 refs. Discussion of the drag of a body in free 
molecule flow and the flow regime appropriate to 
a satellite in orbit. The molecular speed ratio is 
related to the properties of the upper atmosphere. 
The mechanism of molecular reflection at the sat- 
ellite's surface and the surface temperature are 
considered. The drag coefficients of some simple 
shapes are quoted for appropriate molecular speed 
ratios, and the drag coefficients are obtained for 
cylinders and a cone with axes inclined at any an- 
gle to the direction of motion. 


NUCLEAR ENERGY 


RAPID APPROXIMATE METHOD FOR ANA- 
LYZING NUCLEAR ROCKET PERFORMANCE, 
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A. H. Stenning. ARS J., Feb., 1960, pp. 169-172. 
Study of the effects of core geometry and surface 
temperature limitations on nuclear rocket perform- 
ance, using the heat-transfer friction analogy and 
one-dimensional gasdynamics. Approximate rela- 
tionships between thrust coefficient, specific im- 
pulse, core geometry, and maximum surface tem- 
perature are obtained. High thrust coefficient and 
high specific impulse are not compatible, and a 
compromise must be made between these two re- 
quirements. 


POWER PLANTS 


NEW PROPULSION CONCEPTS. S. T. Deme- 
triades. Northrop ND Rep. NB-59-176, July 1, 
1959. 43 pp. Presentation of a logical scheme 
for generating a large number of propulsion sys- 
tems. The implications of two of these systems 
are examined. It is shown how a propulsive fluid 
accumulator (PROFAC), using a magnetogasdynam- 
ic (MGD) orbital ramjet to collect expellant in low- 
altitude orbit in the upper atmosphere around a 
planet, could bring about a decrease of the payload 
ratios required in space missions by one or more‘ 
orders of magnitude or an increase of the payload, 
for a given initial take-off mass, by one or more 
orders of magnitude, without any required in- 
crease in specific impulse. It is further suggested 
that great improvements in the economics of space 
flight could result from the use of 'pusher beams" 
- i.e., beams of energy or particles directed at 
a spaceship to push it onward. 


EXPERIMENT TO OBTAIN REACTION 
THRUST IN A LABORATORY MODEL OF AN ION 
ENGINE, Yu. Ya. Stavisskii, I. I. Bondarenko, 
V. I. Krotov, S. Ya. Lebedev, V. Ya. Pupko, 
and E, A. Stumbur. Sov. Phys. - Tech. Phys., 
Feb., 1960, pp. 875-878. Translation. Discussion 
of the principles of an ion engine and some of the 
problems in its construction. Such problems in- 
clude neutralizing the space charge in the ion beam, 
the elimination of parasitic electron current from 
the space charge compensation system to the ion 
emitter, and the reduction of erosion (cathode dis- 
integration) by the accelerated ions. Experimental 
investigations are carried out on a simplified mod 
el of the ion engine in which surface ionization of 
cesium on tungsten is used. The thrust is meas- 
ured by a balance system having a nickel plate 
located in the path of the beam. In the model de- 
scribed, there is considerable loss of neutral ce- 
sium atoms because part of the atomic beam which 
issues from the aperture goes past the emission 
surface. These losses can be reduced through the 
use of alternate systems for supplying cesium to 
the emission surface. 


Ram-Jet & Pulse-Jet 


BETRACHTUNGEN ZUR AUSLEGUNG VON 
STAUSTRAHLTRIEBWERKEN. Hermann Hagen. 
ZFW, Jan., 1960, pp. 17-22. 12 refs. In German. 
Presentation of diagrams on the conditions which 
are important for the intake and the flow in the 
combustion chamber of a ram-jet, based on the 
knowledge of the losses occurring in a ram-jet. 
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From these diagrams, conclusions can be drawn 
concerning the dependence of engine data on flight 
Mach number, pressure recovery, and operating 
temperature. Possibilities of adapting a ram-jet 
to variable operating conditions are discussed, 
and comparison is made between some methods of 
regulation. In addition, the possibility of combining 
ram-jets with other propulsive units is discussed. 


Rocket 


DIE EIGENSCHAFTEN EINIGER LEICHTER 
ELEMENTE UND IHRER MISCHUNGEN IM HIN- 
BLICK AUF IHRE ANWENDUNG ALS ARBEITS- 
GASE IN NICHT KONVENTIONELL BEHEIZTEN 
RAKETEN. Irene Sanger-Bredt. (NATO AGARD 
9th Gen. Assembly, Aachen, Sept., 1959.) Rake- 
tentech. & Raumfahrtforsch., Jan.-Mar., 1960, 
pp. 7-16. 44 refs. In German. Definition of the 
term "working fluid" and its functions in recent 
rocket development; survey of various possibilities 
of heating and then accelerating the working fluids; 
and presentation of enthalpy-entropy diagrams for 
certain working gases. These include pure hydro- 
gen, oxygen, mixtures (1: 1 and 2: 1) of these two 
gases, helium, and argon-free air. The diagrams 
are calculated taking into account all possible dis- 
sociations and ionizations at equilibrium conditions 
over the pressure range from 10*! to 1075 atm. and 
for temperatures up to 10,000°K. Also derived is 
the specific impulse which can be reached by heat- 
ing a working gas to arbitrarily chosen tempera- 
tures, followed by purely thermodynamic expan- 
sion, in a Laval nozzle at different pressure gra- 
dients. The influence of the mean molecular 
weights and the specific heats of mixtures on the 
specific impulse is pointed out. In addition, heat 
transfer to the chamber walls is studied by way of 
comparison, introducing parameters for the heat 
transfer by convection and radiation. 


ESTIMATE OF CHEMICAL SPACE HEATING 
RATES IN GAS-PHASE COMBUSTION WITH AP- 
PLICATION TO ROCKET PROPELLANTS. Appen- 
dix A - EVALUATION OF THE RATIO w& pax/&. 
Appendix B - HEAT RELEASE CALCULATIONS 
FOR HYDROGEN, PROPYLENE OXIDE AND ISO- 
PROPYL CHLORIDE IN THE WELL-STIRRED RE- 
ACTOR. D. A. Bittker and R. S. Brokaw. (ARS 
Semi-Annual Meeting, San Diego, June 8-12, 1959.) 
ARS J., Feb., 1960, pp. 179-185. 28 refs. Pres- 
entation of a simple, approximate method for cal- 
culating maximum chemical space heating rates in 
combustion processes. The results represent the 
theoretical maximum possible heat release rate to 
be expected from a unit volume of a reacting fuel- 
oxidant mixture. An important purpose of this 
work is the application of the method to several 
rocket propellant combinations. Comparison of 
the results with estimated heat release rates for 
the same propellants in experimental rocket en- 
gines shows that the latter are several orders of 
magnitude less than the calculated maximum chem 
ical rate for a given propellant. 


EXPERIMENTAL INVESTIGATION OF PRO- 
PELLANT EROSION. Tage Marklund and Arne 
Lake. ARS J., Feb., 1960, pp. 173-178. Descrip- 
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tion of erosion test methods, characterized by 
separate gas producing charges and separate spec- 
imens in the gas stream. The specimens are tab- 
lets, strips, and nozzle inserts of composite pro- 
pellants. Changing the temperature of the gas 
stream over a propellant specimen from 1, 690° to 
2, 550°K. did not seem to influence the erosion at 
constant gas velocity and pressure. Erosion at 
near sound velocity in a propellant nozzle was 
found to be of the same order of magnitude as on 
strips at lower gas velocity but the same mass 
velocity. Results are discussed particularly in 
view of the Lenoir and Robillard theory of propel- 
lant erosion. 


THEORY OF LIQUID PROPELLANT ROCKET 
COMBUSTION INSTABILITY AND ITS EXPERI- 
MENTAL VERIFICATION. Luigi Crocco, Jerry 
Grey, and D. T. Harrje. (ARS Semi-Annual Meet- 
ing, San Diego, June 8-12, 1959.) ARS J., Feb., 
1960, pp. 159-168. 15 refs, Navy-sponsored pres- 
entation of straightforward theoretical formulation 
of the longitudinal high-frequency rocket stability 
criteria. Based on Crocco's sensitive combustion 
time lag theory, the derivation is considerably 
simpler, although somewhat less rigorous, than 
previously published detailed treatments. Aseries 
of rocket motor experiments is described, dem- 
onstrating that there exists an upper limit to the 
chamber length at which each mode of longitudinal 
high-frequency pressure oscillations will occur, 
and that this limit is accurately predicted by the 
theory over a wide range of mixture ratios of two 
different injectors. The method used to compare 
experimental results with the theoretical stability 
limit predictions, including a simple experimental 
technique for determining the sensitive time lag, 
is described. 


EFFECTS OF GAS MOTION ON HETEROGE- 
NEOUS COMBUSTION; NATURAL CONVECTION, 
STEADY FORCED CONVECTION, STANDING A- 
COUSTIC WAVES, AND SHOCK WAVES FINAL 
SUMMARY REPORT. Appendix I - CONDITIONS 
TO BE EXPECTED IN ROCKET ENGINE COM- 
BUSTION. Appendix II - COMPUTATIONS USED 
TO REDUCE SHOCK TUBE DATA. Appendix III - 
TEST SUMMARIES. Appendix IV - TABULATIONS 
OF COMPUTED WAVE PARAMETERS. W. T. 
Webber. USAF WADC'TR 59-50, Apr., 1959. 88 
pp. 26 refs. Description of two experimental 
techniques to determine the effects of gas motion 
upon the combustion of liquid fuels under extremes 
of conditions resembling those found in liquid rock 
et combustion chambers. The quartz-fibre type 
of apparatus permits absolute values for burning 
rate per unit of fuel surface to be measured, but 
cannot be used at extremely high Reynolds numbers 
where liquid fuel is blown off the fiber. The shock 
tube apparatus has no obvious Reynolds number 
limitation, and further, the shock tube permits 
data to be gathered relative to the rate of response 
of combustion to very rapid transient changes in 
conditions. The absolute magnitudes ofthe heat and 
mass transport coefficients obtained in the shock 
tube, however, are at present somewhat in doubt, 
since the droplet size distribution is not accurately 
known. 
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-ed in wind-tunnel experiments. 


RESEARCH, RESEARCH FACILITIES 


Wind Tunnels 


SUR QUELQUES PROBLEMES POSES PAR 
L'EXPERIMENTATION EN SOUFFLERIE AERO- 
DYNAMIQUE, André Martinot-Lagarde. France, 
Min. de l'Air PST 353, 1959. 105 pp. 29 refs. 
SDIT, 2 Av. Porte-d'Issy, Paris 15, Frs. 1,665. 
In French. Survey of certain problems encounter- 
Includes descrip- 
tion of experimental techniques and methods for 
interpreting wind-tunnel results; application of the 
Gouy-Stodola principle of useful energy to wind- 
tunnel experiments; application of the direct meth- 
od to the case of similarity of transonic nozzle 
flows; description of a vertical tunnel for studying 
spin; and comparison of results obtained on models 
with flight test data. 


STRUCTURES 
Bars & Rods 


TORSIONAL CREEP BUCKLING OF OPEN 
TUBES HAVING ARBITRARY CROSS-SECTION. 
George Lianis. Purdue U. Sch. Aero. Eng. Rep. 
S-59-1, Dec., 1959. 53 pp. 18 refs. Application 
of the variational theorem by Sanders, McComb, 
and Schlechte to find the critical collapse time of 
a general open tube subjected to torsional creep 
buckling. Large deformation strains are consid- 
ered, and it is shown that small deformation 
strains yield inaccurate results in predicting the 
critical time. A simplified stress distribution is 
introduced which gives a closed form solution. 


Cylinders & Shells 


ON THE STABILITY PROBLEM FOR SHALLOW 
SPHERICAL SHELLS. Hubertus Weinitschke. 
J. Math. & Phys., Jan., 1960, pp. 209-231. 21 
refs. ONR-sponsored review of previous analyses 
for determining a stability curve - i.e., the func- 
tional dependence of the buckling load on the geo- 
metric shell parameter, and presentation of a 
new analysis to give a more definitive answer to 
the question of stability with respect to axisym- 
metric deformations. The validity of series so- 
lutions presented is established by means of a de- 
tailed study of the convergence of the series. Cer- 
tain techniques are developed, which are believed 
to be of principal and practical significance for 
solving a general class of nonlinear boundary value 
problems for ordinary differential equations. These 
methods involve power series expansions of analyt- 
ic functions at several points of a finite interval. 
Numerical computations are performed on anIBM 
computer, and the results show stresses and displace- 
ments as functions of a nondimensional polar angle 
and load deflection curves. Fromthese, the criti- 
cal loads are determined using the classical sta- 
bility criterion. Comparison is made with the 
conclusions reached by Reiss, Greenberg, and 
Keller, and some reasons for the discrepancies 
are indicated. 


Elasticity & Plasticity 


C - ELASTIZITAT UND PLASTIZITAT. 
(GAMM Wissenschaftliche Jahrestagung, Hannover, 
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May 19-23, 1959.) ZAMM, Sept.-Nov., 1959, pp. 


411-427, 25 refs. In German and English. Partial 
Contents: Die Abhangigkeit der Lésung der Elasti- 
zitatsprobleme von kleinen Verdanderungen des 
Definitionsgebietes, Ivo Babuska. Zur Integration 
der Differentialgleichungen fir diinne elastische 
Kreiszylinderschalen auf mehreren Stiitzen, A. 
Kuhelj. Der lange, diinne Stab unter konservativer 
Langskraft und Torsion, H. Leipholz. Beweis des 
St. Venantschen Prinzips, Matthias Matschinski. 
Kinetisches Durchschlagen des schwach gekriimm- 


‘ten Stabes, E. Mettler and F. Weidenhammer. 


Bernoullische Hypothesen bei Balken- und Platten- 
theorie, Dietrich Morgenstern. Contributions to 
the Problem of Vibrations of Plates with Damping 
Considered, Danilo RaSkovic. A Geometric Deri- 
vation of the Non Linear Stress-Strain Relations 
for Isotropic Elastic Solids, Rastko Stojanovitch, 
Symposium of papers covering the solution of prob- 
lems in elasticity; integration of differential equa- 
tions for thin, elastic circular cylindrical shells; 
long thin rods subjected to a conservative axial 
force and torsion; applicability of the St. Venant 
principle; kinetic stress of lightly curved bars; use 
of Bernoulli's hypothesis in the theory of beams 
and-plates; vibration of plates, taking into account 
the effect of damping; derivation of nonlinear stress- 
strain relations for isotropic elastic solids; and 
analytical determination of the state of deformation 
in polymers. 


ELASTIC WAVES GENERATED BY A FORCE 
MOVING ALONG A CRACK, Dang Dinh Ang. 
J. Math. & Phys., Jan., 1960, pp. 246-256. 10 
refs. Navy-supported analysis concerning the 
stress wave patterns generated by a line load 
moving along a half-plane crack in an infinite elas- 
tic medium and, in particular, with the stress 
singularities at the edge of the crack and at the 
front of the Rayleigh surface wave. The load is 
represented by a delta-function. Although this is 
an idealization, the solution can be considered es- 
sentially as a fundamental one from which solutions 
corresponding to more general moving forces can 
be constructed. The method of solution used is 
Clemmow's version of the Wiener-Hopf method. 
It is concluded that because of a resonance effect 
near the Rayleigh wave velocity, this speed is a 
possible limiting velocity for the propagation of 
cracks in elastic media. 


Plates 


THE LARGE-DEFLEXION BEHAVIOUR OF A 
THIN STRIP OF LENTICULAR SECTION. E. H. 
Mansfield. Quart. J. Mech. & Appl. Math., Nov., 
1959, pp. 421-430. Presentation of a large-deflec- 
tion solution for a thin strip of lenticular parabolic 
section subjected to combined moment and torque. 
A feature of this particular cross section is that 
the chordwise curvature of the distorted strip does 
not vary across the chord; this results in a consid- 
erable simplification in the analysis and enables 
the behavior of the strip before and after buckling 
to be fully investigated. It is also shown that for 
large values of the applied moments the large-de- 
flection solution approaches that predicted previous- 
ly by inextensional theory. 
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Plates, Stiffened 


STIFFENED PLATING UNDER TRANSVERSE 
LOAD. M. Holmes. Quart. J. Mech. & Appl. 
Math., Nov., 1959, pp. 443-453. Analysis of a 
plate stiffened with beams by the Fourier series 
and presentation of solutions for symmetrical and 
antisymmetrical forms of loading. An alternative 
method of analysis is derived for symmetrical 
loading forms, involving the evaluation of the plate 
efficiency. This alternative method has some ad- 
vantage in that the applied loading is expressed in 
the form of a Fourier series for bending moment 
rather than intensity. Finally, it is shown that 
approximate solutions (assuming infinite torsional 
rigidity of the beams) may be obtained for a wide 
variety of loading forms by superimposing the so- 
lutions for the symmetrical and antisymmetrical 
forms of loading. 


PLYTA ORTOTROPOWA Z CIENKOSCIEN- 
NYMI ZEBRAMI NIESYMETRYCZNYMI. Piotr 
Wilde. Rozprawy Inzynierskie, No. 3, 1959, pp. 
273-310. 22 refs. In Polish, with summaries in 
English and Russian. Analysis considering an 
orthotropic plate having asymmetric ribs consti- 
tuting a monolithic structure with the plate. E- 
quations are derived for the reactions of the ribs 
and then, the orthotropic plate is loaded by these 
reactions. A system of three differential equations 
is obtained, determining the displacements in the 
plate with given boundary conditions. The equa- 
tions take into consideration the inertia forces 
and describe the buckling problem. The solution 
for arbitrary ribs is obtained by means of the dis- 
placement function in the case of cylindrical load- 
ing. The general solution expressed by double 
trigonometric series is obtained with any boundary 
conditions by means of the Fourier transformation 
for a plate with symmetric ribs. The problem of 
determining the frequency of free vibration and 
that of buckling of a simply supported or clamped 
plate are discussed. For a sinusoidal load, an e- 
quation for the given width of a ribbed plate with 
two main girders is obtained. 


SHEAR LAG SOLUTIONS FOR SHEET -ST RING- 
ER PANELS BY MEANS OF A HYDRODYNAMIC 
ANALOGY. Martin Goland. J. Aero/Space Sci., 
Apr., 1960, pp. 291-295, 303. Establishment of 
an analogy between the stress flow in flat sheet- 
stringer panels and the plane potential flow of an 
incompressible fluid. It is shown that the hydro- 
dynamic analogy consists of a direct relationship 
between longitudinal stress and the longitudinally 
directed component of fluid velocity. A discussion 
is given of the corresponding boundary conditions 
for the stress flow and the fluid flow. A boundary 
free of normal stress is equivalent to flow past a 
solid wall. It is also shown how rigidly constrain- 
ed boundaries can be dealt with in a relatively 
simple fashion. Problems of reinforcement around 
cutouts in the sheet-stringer panel are also dis- 
cussed. The use of the analogy is demonstrated 
on several examples,including the stress concen- 
tration around elliptic cutouts with free and con- 
strained boundaries in large panels under uniform 
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tension. Also studied is the case of a concentrated 
longitudinal force applied at the center of a large 
panel, 


Plates with Holes 


FLEXURAL PROBLEMS OF CIRCULAR RING 
PLATES AND SECTORIAL PLATES, I. W. A. 
Bassali and M. A. Gorgui. Cambridge Philos. 
Soc. Proc., Jan., 1960, pp. 75-95. 18 refs. De- 
velopment of explicit expressions in closed form 
for the complex potentials and deflection at any 
point of a circular annular plate under various 
edge conditions, when the plate is acted upon by 
general line loadings distributed along the circum- 
ference of a concentric circle. Solutions for sin- 
gularly loaded sectorial plates bounded by two 
arcs of concentric circles and two radii are also 
derived when the plate is simply supported along 
the straight edges. The boundary conditions along 
the circular edges include the cases of a free 
boundary, as well as the elastically restrained 
boundary, which covers the usual rigidly clamped 
and simply supported boundaries as special cases. 
The usual restrictions relating to the small deflec- 
tion theory of thin plates of constant thickness are 
assumed, 


Thermal Stress 


PROCEDURES FOR INCLUDING TEMPERA- 
TURE EFFECTS IN STRUCTURAL ANALYSES 
OF ELASTIC WINGS. I - A DIGITAL COMPUT- 
ER SOLUTION FOR THE EQUIVALENT PLATE 
METHOD OF THERMOELASTIC ANALYSIS. L. A. 
Schmit and H. A. Balmer. USAF WADC TR 57- 
754, Pt. IL [AD 216084], May, 1959. 158 pp. Pres- 
entation of a rational method for analyzing the 
static aeroelastic behavior of thin, low aspect- 
ratio wings subjected to elevated temperatures 
and high wing loadings. The formulation includes 
coupling between aerodynamic pressures and ther- 
moelastic distortions, and also coupling between 
the bending and stretching of the plate. Using 
Reissner's variational principle and expanding the 
deflection and the stress function in terms of as- 
sumed modes, two coupled nonlinear matrix equa- 
tions are obtained and solved by successive linear- 
ization. An IBM 704 computer is used to carry 
out the considerable number of partial differ- 
entiations, double integrations, and algebraic 
operations required to form the matrix 
elements. 


MEASURING ACCURACY IN CREEP TESTS. 
0 - INFLUENCE OF THERMAL STRESSES. Arne 
Mellgren. USAF WADC TR 59-78, Pt. II, Oct., 
1959. 54 pp. 10 refs. Calculation of the thermal 
stresses induced in cylinders and plates by non- 
uniform surface temperatures. The relations of 
thermal stresses to creep are then determined 
for cylindrical and sheet creep specimens. These 
relations are expressed mathematically for sinus- 
oidal and square wave surface temperature gra- 
dients. Numerical examples are presented and 
discussed. 
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THERMODYNAMICS 


Combustion 


EXPLOSIONS, DETONATIONS, FLAMMABILI- 
TY AND IGNITION. I - SELECTED ANALYTICAL 
STUDIES ON EXPLOSIONS, DETONATIONS, 
FLAMMABILITY LIMITS, AND IGNITION OF 
GASES, AND ON HETEROGENEOUS BURNING. 

S. S. Penner. II - EXPERIMENTAL AND THEO- 
RETICAL STUDIES OF FLAMMABILITY, IGNITI- 
BILITY AND EXPLOSION PREVENTION. B. P. 
Mullins. NATO AGARDograph 31, 1959. Publish- 
ed for and on behalf of AGARD, NATO, by Perga- 
mon Press, 1959. 287 pp. 682 refs. $10.00; 70s. 
Study ef problems in flammability and ignition from 
different viewpoints, part I being analytical and 
part II semiempirical and practical. The first 
part includes a summary of aerothermochemical 
fundamentals and detonation phenomena. Empha- 
sis is placed on the technique introduced into the- 
oretical combustion research by Schvab and 
Zeldovich. In the second part, a thermal hypo- 
thesis, which might be described as a generaliza- 
tion of Semenov's concept of the ignition tem- 
perature, is shown to be of great use in predicting 
combustion phenomena such as flammability limits 
and flash-points and the effects of diluent gases on 
limiting combustion processes. 


DIFFUSION COEFFICIENTS IN FLAMES AND 
DETONATIONS WITH CONSTANT ENTHALPY. 
J. O. Hirschfelder, Phys. Fluids, Jan.-Feb., 1960, 
pp. 109-112. Navy-supported analysis showing that 
the assumption of constant enthalpy is equivalent to 
setting all the coefficients of binary diffusion equal 
to each other and setting corresponding Lewis 
numbers equal to unity. In the case of detonations 
or flames having appreciable kinetic energy, it is 


also necessary to set the Prandtl number equal to 
3/4. 


STATISTICAL STUDY OF ACCELERATING 
FLAMES. R. A. Stern, A. J. Laderman, and 
A. K. Oppenheim. Phys. Fluids, Jan.-Feb., 
1960, pp. 113-120. 12 refs. Study of velocity fluc- 
tuations, observed by means of ionization probes 
during the development of detonation, showing 
its significance as an indicator of physical char- 
acteristics of the flame. The scatter in time of 
arrival (the reciprocal of the velocity) is found 
normally distributed at a probability level. The 
intensity of scatter is interpreted consequently as 
indicative of the combustion front fluctuation that 
can be considered to delineate the "effective flame 
thickness." It is found that, as the flame acceler- 
ates, its effective thickness first increases, reach 
ing a maximum in the vicinity of velocity over- 
shoot, and then decreases, attaining finally a mini- 
mum, constant value when the steady detonation 
wave is established. An bimodal distribution of 
scatter for the 2H2-O2 mixture is observed, indi- 
Cating a possible existence of two alternative, in- 
dependent modes for the development of the process, 


Heat Transfer 


STABILITY OF A HORIZONTAL FLUID LAYER 
WITH UNSTEADY HEATING FROM BELOW AND 
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TIME-DEPENDENT BODY FORCE. A. W. Gold- 
stein. US, NASA TR R-4, 1959. 15 pp. 12 refs. 
Supt. of Doc., Wash., $0.30, Analysis that as- 
sumes an incompressible fluid with small density 
changes resulting from heating. Thecritical ~ 
Rayleigh numbers, based on the overall density 
differential are much higher than for the static 
case, are dependent only on the density distribu- 
tion and instantaneous value of the acceleration, 
and are independent of Prandtl number and rate of 
change of temperature and body force field. The 
initial motion corresponds to approximately the 
same cell shape as for the static case. Rate tran- 
sition of temperature perturbations from a stable 
to an unstable condition is proportional to the rate 
of increase of the temperature gradient in the re- 
gion well removed from the walls; rate of transi- 
tion of the slow motion is proportional to the 
Prandtl number and rate of increase of the body 
force field. 


THEORY OF HEAT TRANSFER FROM HOT 
STEADY OR INTERMITTENT SUPERSONIC JETS. 
S. T. Demetriades. Northrop ND Rep. NB-59- 
152, Mar. 16, 1959. 59 pp. 13 refs. Develop- 
ment of approximate formulas for the wall shear 
and rate of heat transfer to a wall when a steady 
supersonic jet impinges on surfaces of various 
geometries. Heat transfer, wall shear, and sur- 
face temperatures from an intermittent jet are 
shown to be less severe. It is shown that, in the 
limiting conservative case, surface temperature 
can be reduced by at least 15% in the stagnation 
region. These results are also true of spinning 
bodies and steady jets. By spinning a body exposed 
to hot stagnation conditions, the temperature of 
its surface can be reduced by significant amounts. 
The results are applicable to the design of jet 
deflectors for rocket engines, re-entry bodies, 
and other similar problems where large reduc- 
tions of surface temperature are required. 


HEAT TRANSFER IN LOW REYNOLD'S NUM- 
BER SLIP FLOW. H. C. Levey. Australia, ARL 
Rep. A.ll2, Mar., 1959. 12 pp. Investigation, for 
small Reynolds numbers, of the heat transfer by 
forced convection from a hot wire in a low Mach 
number rarefied gas stream. A simple expression 
is found for the Nusselt number, and it is suggest- 
ed that this has reasonable validity over a wide 
range of Knudsen numbers, even into the free- 
molecule flow regime. 


GRAPHICAL PRESENTATION OF DIFFER- 
ENCE SOLUTIONS FOR TRANSIENT RADIAL 
HEAT CONDUCTION IN HOLLOW CYLINDERS 
WITH HEAT TRANSFER AT THE INNER RADIUS 
AND FINITE SLABS WITH HEAT TRANSFER AT 
ONE BOUNDARY. J. E. Hatch, R. L. Schacht, 
L. U. Albers, and P. G. Saper. US, NASA TR 
R-56, 1960. 58 pp. Study of nondimensional tem- 
perature distributions for transient radialheat con- 
duction through hollow cylinders and one-dimension- 
alheat conduction in slabs of finite thickness. In 
both types of conduction itis assumed that the bound- 
ary opposite the heat-transfer surface is thermally 
insulated. The radial solutions cover a range of 
dimensionless radius ratios. The material is as- 
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sumed to be homogeneous, and the physical prop- 
erties are considered invariant with temperature. 


VTOL & STOL 


A GENERALIZED STUDY OF PROPULSION 
SYSTEMS FOR VTOL AIRCRAFT. P. W. Pratt, 
C. B. Smith, T. G. Slaiby, and B. B. Silverman. 
IAS 28th Annual Meeting, New York, Jan. 25-27, 
1960, Paper 60-41. Members, $0.50; nonmembers, 
$1.00. 45 pp. Study of the characteristics of pro- 
pulsion systems primarily affecting VTOL per- 
formance, and presentation of typical values for 
the various gas propulsion systems being consider 
ed. These include the shaft-driven rotor, pres- 
sure jet rotor, lightly loaded propeller, ducted 
propeller, variable geometry propeller, lifting 
fan, turbofan, and turbojet. The propulsion char- 
acteristics are combined with a simple set of air- 
frame characteristics, and the performance po- 
tential is calculated for various propulsive sys- 
tems over a range of hover times and cruise 
speeds. 


A REVIEW OF THE WING-SLIPSTREAM 
PROBLEM WITH EXPERIMENTS ON A WING 
SPANNING A CIRCULAR JET. F. W. Gobetz. 
Princeton U. Dept. Aero. Eng. Rep. 489, Jan., 
1960. 112 pp. ll refs. ONR-supported evaluation 
of previous studies on the increase in lift of wings 
immersed inslipstreams, presentation of new ex- 
perimental data on the phenomenon, and compari- 
son of these data with the most promising of the 
theoretical analyses. The correlation between the 
present data andthe theory formulated by Rethorst 
is quite good and indicated thatat leastsome of the 
predicted trends are correct. In addition, an 
integrating manometer employed in the experi- 
ments is described. 


THE PROPULSION ASPECTS OF GROUND 
EFFECT MACHINES. R. W. Pinnes. IAS 28th 
Annual Meeting, New York, Jan. 25-27, 1960, Pa- 
per 60-13. Members, $0.50; nonmembers, $1.00. 
23 pp. 12 refs. Comparison of some recently 
available test results with some earlier theoretical 
predictions and indication of the degree of correla- 
tion. Some earlier predictions of GEM potential 
are modified on the basis of these test data. It is 
demonstrated that the GEM has a good lift-to- 
horsepower ratio capability, and suggestions for 
improving this are discussed. It is also shown 
that a good selection of engines - both turboprop 
and reciprocating - is available. 


A METHOD OF DESIGN OF SHROUDED PRO- 
PELLERS,. V. O. Hoehne and R. E. Monical. 
U. Wichita Dept. Eng. Res. Rep. 213-8, Oct., 
1959. 35 pp. ONR-supported presentation of a 
method for designing shrouded propellers, using 
previously derived information, developed to de- 
sign several wind tunnel models. Results of tests 
of one of the models designed by these procedures 
are compared with predicted data to establish the 
validity of the method. The comparison shows 
that this system of design predicted performance 
within the range of normal design accuracy. Pre- 
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dicted efficiency is several percentage points 
lower than achieved efficiency. 


DER BODENEFFEKT ALS ENTWICKLUNGS- 
GRUNDLAGE VON SCHWEBEGERATEN. K. W. 
Mack. Luftfahrttechnik, Jan. 10, 1960, pp. 5-21. 
33 refs. In German. Discussion of the ground ef- 
fect principle as the basic concept for the design 
of hovercraft. It is shown that the ground effect 
depends on a number of parameters and changes 
from the positive effect (increase in thrust) to a 
negative effect (thrust loss) in connection with the 
jet pattern. A survey is made of the development 
of hovercraft based on the ground effect - i.e., 
both the actual air-cushion vehicles and the related 
aerial jeeps, and future possibilities are evaluated, 
The most important features of some models under 
construction or in the design stage are evaluated 
along with some future requirements. 


SHROUDED PROPELLER INVESTIGATIONS. 
I - WIND-TUNNEL TESTS OF A SHROUDED PRO- 
PELLER WITH A 17-BLADED ROTOR, INLET 
AND EXIT STATORS, AND LONG SHROUD WITH 
HIGH-SPEED INLET AND NO EXIT DIFFUSION. 
Il - WIND TUNNEL TESTS OF A SHROUDED PRO- 
PELLER WITH A 17-BLADED ROTOR, INLET 
AND EXIT STATORS, AND LONG CHORD SHROUD 
WITH STATIC INLET AND NO DIFFUSION. Ii - 
WIND TUNNEL TESTS OF A SHROUDED PROPEIL- 
LER WITH A 17-BLADED ROTOR, INLET AND 
EXIT STATORS, AND LONG CHORD SHROUD 
WITH MODIFIED STATIC INLET AND NO DIFFU- 
SION. IV - STATIC PERFORMANCE OF TWO 
HIGHLY-LOADED SHROUDED PROPELLERS AS 
MEASURED IN THE WALTER H. BEECH MEMO- 
RIAL WIND TUNNEL. V - WIND TUNNEL TESTS 
OF A SHROUDED PROPELLER WITH A 10-BLAD- 
ED PROPELLER, EXIT STATORS, AND LONG 
CHORD SHROUD WITH HIGH SPEED INLET AND 
NO EXIT DIFFUSION. VI - WIND TUNNEL TESTS 
OF A SHROUDED PROPELLER WITH A 10-BLAD- 
ED PROPELLER, EXIT STATORS, AND LONG 
CHORD SHROUD WITH STATIC INLET AND NO 
DIFFUSION. VII - WIND TUNNEL TESTS OF A 
SHROUDED PROPELLER WITH A 10-BLADED 
PROPELLER, EXIT-STATORS, AND LONG 
CHORD SHROUD WITH A MODIFIED STATIC IN- 
LET AND NO DIFFUSION. IX - SHROUD AND 
CENTERBODY PRESSURE DISTRIBUTIONS OF A 
SHROUDED PROPELLER WITH A 17-BLADED 
ROTOR, INLET AND EXIT STATORS AND LONG 
CHORD SHROUD. X - SHROUD AND CENTER- 
BODY PRESSURE DISTRIBUTIONS OF A SHROUD- 
ED PROPELLER WITH A 10-BLADED ROTOR, 
EXIT STATORS AND LONG CHORD SHROUD. 
V. O. Hoehne and R. K. Wattson, Jr. U. Wichita 
Dept. Eng. Res. Eng. Reps. 213-1; 213-2; 213-3; 
213-4; 213-4; 213-5; 213-6; 213-7; 213-9; 213-10, 
June; Sept., 1958; Jan.; Oct., 1959; Jan., 1960. 
64; 77; 71; 49; 48; 64; 66; 97; 52 pp. 52 refs. 
Navy-supported presentation of a series of reports 
describing the performance characteristics of a 
family of shrouded propellers, covering a wide 
range of design variables, operated under condi- 
tions of varying freestream airspeed, prapeller 
rotational speed, and angle of attack. 
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tem requirements and design possibilities. 
flap control to 100,000 ft., reaction jets, control- 
lable turbojet nozzles, and vernier control sys- 
tems for operation in the atmosphere and in 
space are discussed. 


Guidance and Navigation Designers Scramble 


Jet- 


to Meet Space Needs. Electronic Des., Jan. 20, 
1960, pp. 4-11. Discussion of progress being 
made in inertial, celestial, radio, and Doppler 
navigation systems. 

Effect of Thrust Misalignment on Gyro-Stabi- 
lized Vehicles. R. P. Nagorski. ARS J., 
Jan., 1960, pp. 128,129. Development of an- 
alytical expressions which effect the flight profile 
due to thrust misalignment. 


On the Long Periodic Lateral Motion of a Beam 
Riding Missile Toward Its Center Line. Syoiti 
Tsuji. Japan Soc. Aero. & Space Sci. J., Nov., 
1959, pp. 293-296. In Japanese. Presentation 
of a method for solving complex beam riding char- 
acteristics of a missile. It deals with the slow 
lateral behavior of a missile toward beam center- 
line, and a simplified equation of motion is de- 
rived. 

Solid-State Guidance for Able-Series Rockets. 
R. E. King and Henry Low. Electronics, Jan. 
29, 1960, pp. 60-63. Description of the control 
circuit for the second stage which makes the mis- 
sile follow a predetermined course in response to 
commands generated by an internal programer, 
or in response to guidance commands from the 
ground. 


Spacecraft 


Review, Scope and Recent Results of Project 
Mercury Research and Development Program. 
A.C. Bond and A. B. Kehlet. [AS 28th Annual 
Meeting, New York, Jan. 25-27, 1960, Paper 60- 
35. Members, $0.50; nonmembers, $1.00. 15 
pp. Discussion and evaluation of several re- 
search programs considering the design concepts, 
operational spectrum, and requirements for a cap- 
sule capable of executing the Mercury mission 
profile. 


Review of the Operational Plans for Mercury 
Orbital Mission. Ch. W. Mathews. IAS 28th 
Annual Meeting, New York, Jan. 25-27, 1960, 
Paper 60-36. Members, $0.50; nonmembers, 
$1.00. 11 pp. Presentation of the capsule 
preparation and launch, monitoring, control, 
and recovery plans for the manned space vehicle. 


Mercury Capsule and Its Flight Systems. 
M.A. Faget and R. O. Piland. IAS 28th Annual 
Meeting, New York, Jan. 25-27, 1960, Paper 
60-34. Members, $0.50; nonmembers, $1.00. 
15 pp. Detailed description of the capsule and 
its various on-board systems, and presentation of 
the sequence of important flight events for the 
normal mission. The environmental control 
system, the attitude control, the communication, 
and the power supply systems are described. 


Plane Libration of a Prolate Ellipsoidal Shell. 
Ag Baker, Jr. ARS J., Jan., 1960, pp. 


Librations on a Slightly Eccentric Orbit. 
R. M. L. Baker, Jr. ARS J., Jan., 1960, pp. 124— 
126. Analysis showing that the motion of a 
satellite about a position of stable equilibrium is a 
solution to Mathieu’s equation with an amplitude 
in radians less than, or equal to, the orbital ec- 
centricity, 

Satellite Librations of Large Amplitude. 
W. B. Klemperer. ARS J., Jan., 1960, pp. 123, 
124. Presentation of a simplified differential 
equation of motion of a dumbbell-shaped instru- 
ment that is carried aboard the satellite and al- 
lowed to swing in the plane of the orbit. 


Projected Orbits of 24-hr Earth Satellites. 

. B. Wadel. ARS J., Jan., 1960, pp. 122, 123. 
Calculations of a “figure 8” path in terms of 
latitude and longitude as a function of the angle 
made by the satellite’s orbital plane with the 
earth’s equatorial plane. If this path angle is 
zero, the path reduces to a single point on the 
equator. 

Graphic Solution of Some Earth Satellite Prob- 
lems by Use of the Stereographic Net. R. E. 
Wallace. Brit. Interpl. Soc. J., Sept.-Oct , 1959, 
pp. 120-123. Application of the stereo tra hic 
net, which is an equatorial plot of a hemis>1 re 
mecorporating great and small circle coordinates, 
as a basis for plotting and graphically solving 
orbit problems. Plotting of features such as 
trace of orbit, precession of orbit, pass times, and 
limits of Earth shadows permits measurement of 
relations between different components of the 
problem. 

Lunar and Solar Perturbations on Satellite 
Orbits. E. Upton, A. Bailie, and P. Musen. 
Science, Dec. 18, 1959, pp. 1710, 1711. Calcula- 
tions of the solar and lunar effects on highly ec- 
centric satellite orbits showing that the sun and 

© moon may cause large changes in perigee 
height over extended periods of time. e am- 
Plitude and sign of perigee height variations de- 
pend on the orbit parameters and the hour of 
launch. 

Lockheed Discoverer Project. The Aeroplane 
& Astronautics, Jan. 1, 1960, pp. 21, 22. Pres- 
entation of design characteristics of the system 
and brief history of the project. 
sargophysical Research Using Artificial Earth 


lites. J. Clark. IAS 28th Annual 
ooson New York, Jan. 25-27, 1960, Paper 


Members, $0.50; nonmembers, $1.00. 


pp. Presentation of the geophysical satellite 
results, exploring the nature of the control ex- 
erted by the sun over events on the earth. 
Planned future efforts in this area are discussed. 


Astronomical Measurements with Rockets, 
Satellites and Balloons. A. P. Willmore. Brit. 
Interpl. Soc. J., Sept.-Oct., 1959, pp. 137-140. 
Review of the development in high-altitude 
astronomy during the last decade. 


Project Echo Satellites to be Orbited from 
Pacific Missile Range. Western Av., Dec., 1959, 
pp. 10, 11. Discussion of the planned experi- 
ment using two giant balloon satellites launched 
into polar orbits. Tracking procedures and de- 
tails of the coast-to-coast communications system 
are presented. 


Navigation 


Contribution to the Theory of Inertial Damped 
Systems with Arbitrary Period, Invariant with 
Respect to Maneuvering of the Object. V. A. 
Bodner, V. P. Seleznov, and V. E. Ovcharov. 
(AN SSSR Otd. Tekh. Nauk Izv. Energ. i Avtom., 
May-June, 1959, pp. 11-18.) ARS J. Suppl., 
Jan., 1960, pp. 93-97. 15 refs. Translation. 
Presentation of the theory and principles of con- 
struction of damped inertial systems with arbi- 
trary period, insensitive to acceleration with 
respect to the maneuvering of the object. A 
theorem is formulated which is a generalization 
of the corresponding theorem by Schuler. 


Electronic Transmission of Aeronautical Charts. 
J. D. Kay. Navigation, Summer, 1959, pp. 390- 
395. Description of a proposed system for elec- 
tronic transmission of aeronautical charts. 


Electronic Aids 


Global Navigation Display. R.H. Courtney, 
Jr., Milton Goldin, and M. M. Risdon. Naviga- 
tion, Summer, 1959, pp. 358-364. Development 
of display technique utilizing a point source 
lamp for projection through an optical quality 
globe to create a continuous cartographic dis- 
play. The globe is gimballed on four axes to 
provide the capability of either command or slave 
operation of the display when it is used in con- 
junction with an automatic navigational com- 
puter. 

An Extension of the Geographical Coordinate 
System as Applied to Automatic Ground Position 
Computation. G. B. Shoemaker. Navigation, 
Summer, 1959, pp. 370-373. 


Space Coordinate Transformation Using High- 
Precision Resolvers. G. H. Steinberg. Elec- 


tronic Des., Apr. 29, 1959, pp. 24-27. Study 
showing how resolvers are combined to transform 
velocity vectors and angles from one coordinate 
system to another. 


Traffic Control 


ATCRBS—Air Traffic Control Radar Beacon 
System. G. E. Kewer. J. Air Traffic Control, 
Jan., 1960, pp. 10-12. 


Nuclear Energy 


A Simple Explanation of Radiation Damage in 
Metals. Donald Peckner. Materials in Des. 
Eng., Jan., 1960, pp. 89-93. 20 refs. Discus- 
sion covering the occurrence of radiation, its ef- 
fects on metal properties, and measures to be taken. 


What Radiation Does to Electronic Compo- 
nents. S. P. Kaprielyan. Aircraft & Missiles, 
Jan., 1960, pp. 18-21. Classification of radia- 
tion effects into three types: transient, perma- 
nent, and secondary. Results are shown for vari- 
ous materials and components. 


Pebble Bed Nuclear Reactors for Space Ve- 
hicle Propulsion. M. M. Levoy and J. J. New- 
gard. IAS 28th Annual Meeting, New York, 
Jan. 25-27, 1960, Paper 60-39. Members, $0.50; 
nonmembers, $1.00. ll pp. 13 refs. Study ofa 
typical nuclear engine and its limitations. A 
design is presented, and areas of future im- 
provements are indicated. 


Nuclear Rockets for Interplanetary Propulsion. 
F. E. Rom and . Johnson. SAE Nail. 
Aeio. Meeting, New York, Mar. 31-Apr. 3, 1959, 
Preprint 63R. 19 pp. Discussion of nuclear 
power plants in terms of two types of missions: 
(1) missions which start from the earth’s surface 
and require thrusts greater than the vehicle take- 
off weight, and (2) missions which start from a 
satellite orbit about the earth and require thrusts 
only a small fraction of the starting weight. 


Selecting Transistors for Radiation Environ- 
ments. J. R. Bilinski and Richard Merrill. 
Electronics, Dec. 25, 1959, pp. 38-40. Presenta- 
tion of nomographs for the change in transistor 
current gain with nuclear radiation. 


Effective Radiation-Resistant Equipment is 
Proving Hard to Develop for Nuclear-Powered 
Aircraft. J. J. Tierney. SAE J., Dec., 1959, 
pp. 44-47. Abridged. Discussion of the nature 
of radiation damage and its effects on various 
materials. 
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Parachutes 


Some Observations on Supersonic Stabiliza- 
tion and Deceleration Devices. J. F. Connors 
and J. C. Lovell. JAS 28th Annual Meeting, 
New York, Jan. 25-27, 1960, Paper 60-19. Mem- 
bers, $0.50; nonmembers, $1.00. 15 pp. Study 
of the stability and drag characteristics of flexible 
and rigid ribbon-type parachutes and of sym- 
metrical bluff-shape inflatable balloons, as deter- 
mined in supersonic wind-tunnel investigations 
at Mach numbers up to 4.0. The actual opera- 
tion of these devices is demonstrated, and the 
associated aerodynamic problems are discussed. 


Photography 


Test Results, Accuracies, and Uses of the Air- 
borne Profile Recorder. J. R. Anderson and 
Carmen Di Carlo. (Am. Soc. Photogrammetry, 
25th Annual Meeting, Wash., Mar. 8-11, 1959.) 
Photogrammetric Eng., Dec., 1959, pp. 688-692. 


The Future for Photogrammetry and Photo 
Interpretation. R. N. Colwell. (Am. Soc. 
Photogrammetry, 25th Annual Meeting, Wash., 
Mar. 8-11, 1959.) Photogrammetric Eng., Dec., 
1959, pp. 712-736. Study of the factors in- 
fluencing image quality. The possibilities to 
use existing equipment to improve sharpness, 
tone contrast, and stereoscopic parallax, as well 
as new trends in the development of instruments, 
are discussed. Some problems in aerial photogra- 
phy encountered in the space age are mentioned. 


High Acuity Photo Reconnaissance Studied. 
Barry Miller. Av. Week & Space Tech., Jan. 11, 
1960, pp. 101, 103, 105, 107. Development of a 
reconnaissance system capable of detecting ob- 
jects two feet in size from altitudes of 100,000 ft. 
at speeds in excess of Mach 2. 


Ob Ispol’zovanii Printsypa Kontaktnogo Foto- 
pri Izuchenii Slabykh Svetovykh 

otokov. I. V. Volkov, V. F. Esipov, and P. V. 
Shcheglov. AN SSSR Dokl., Nov. 11, 1959, 
pp. 288, 289. In Russian. Study covering the 
use of the principle of contact photography in 
the investigation of weak light fluxes, and de- 
scription of the apparatus and its operation. 


An Elapsed Time Unit for Use with Target 
Aircraft Cameras. F. C. Court. Gt. Brit., 
RAE TN T.D. 42, June, 1959. 11 pp. Descrip- 
tion of a device to produce a record of elapsed 
time along the edge of a film used in target air- 
craft cameras. 


Physics 


A Thermodynamic Treatment of Dilute Super- 
conducting Alloys. ones, Jr. IBM J. 
Res. & Devel., Jan., 1960, pp. 23-27. Develop- 
ment of a thermodynamic treatment of the varia- 
tion of free energy in a dilute superconducting 
alloy using composition as a parameter, and dis- 
cussion of two possible dependences of the free 
energy on composition. 


Calculation of Efficiency of Thermoelectric 


Devices. B. Sherman, R. R. Heikes, and R. W. 
Ure, Jr. J. Appl. Phys., Jan., 1960, pp. 1-16. 
llrefs. Development of procedures for the exact 


calculation of the efficiency of thermoelectric 
generators and cooling devices in which the pa- 
rameters of the materials have arbitrary tempera- 
ture dependence. 


Some Remarks on Free Radicals and Their 
Possible Use in Rocket Propulsion. Olgierd 
Wolezek. Brit. Interpl. Soc. J., Sept.-Oct., 1959, 
pp. 133-136. Study of the possibilities of using 
nuclear and corpuscular nonnuclear radiations 
for producing free radicals. The use of beta and 
alpha rays from isotopes and of radiation pro- 
a, inside nuclear fission reactors is con- 
sidered. 


Uber die Anwendung der Dimensionstheorie 
auf G tandsgleichungen mit drei verfiigbaren 
Konstanten. A. Pethed. Periodica Polytech., 
Chem. Eng. Ser., No. 3, 1957, pp. 199-202. In 
German. Application of methods of the dimen- 
sional theory to derive the equation of state for 
real gases. Results obtained by van der Waals 
and pean are presented as an illustrative ex- 
ample. 


How Can We Detect Radio Transmissions from 
Distinct Planetary Systems? F.D. Drake. Sky 
& Telescope, Jan., 1960, pp. 140-143. Discus- 
sion covering radio telescopes for detecting pos- 
sible radio signals from distant planets. 

Rocket Grenade Measurements of Tempera- 
tures and Winds in the Mesosphere Over 
Churchill, Canada. W. G. Stroud, W. Nord- 
berg, W. R. Bandeen, F. L. Bartman, and P. 
Titus. IAS 28th Annual Meeting, New York, 
Jan. 25-27, 1960, Paper 60-47. Members, $0.50; 
nonmembers, $1.00. 23 pp. 22 refs. Presenta- 
tion of test results showing a seasonal variation 
with average summer temperature of 275°K. 
and 170°K. at altitudes of about 50 and 80 km., 
respectively; corresponding average winter 
temperatures are 260°K. and 230°K. 
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O Kharakternykh Intervalakh Kolebanii, 
Ubyvaiushchikh po Periodu (10—1 sek.), v 
Elektromagnitnom Pole Zemli i Ikh Sviazi s 
Iavieniiami v Verkhnei Atmosfere. V. A. Troits- 
kaia and M. V. Mel’nikova. AN SSSR Dokl., 
Oct. 11, 1959, pp. 917-920. In Russian. Study 
of the characteristic pulsation intervals of dimin- 
ishing periods (10-1 sec.) in the terrestrial electro- 
magnetic field and the connection between these 
and the phenomena in the upper atmosphere. 

Distribution of Density in a Planetary Exo- 
sphere. E. J. Opik and S. F. Singer. Phys. 
Fluids, Nov.-Dec., 1959, pp. 653-655. Develop- 
ment of a theory which gives the distribution of 
density with altitude for a planetary exosphere 
in the absence of local thermodynamic equilib- 
rium. The results give values considerably lower 
than those conventionally calculated on the basis 
of the hydrostatic equation. 


Effects of High-Altitude Nuclear Explosions on 
Radio Noise. C. A. Samson. J. Res., Sect. 
D - RP, Jan.—Feb., 1960, pp. 37-40. Presenta- 
tion of graphs showing the hour-to-hour variation 
of the noise recorded at Kekaha, Hawaii, during 
August for eight frequencies from 13 kc. to 20 mc. 
All frequencies seem to have been affected, and the 
drop in received noise power amounted to as much 
as 32 db. in the hour following the first nuclear ex- 
plosion over Johnston Island. 

Radio-Refractive-Index Climate Near the 
Ground. B. R. Bean and J. D. Horn. J. Res., 
Sect. D - RP, Nov.-Dec., 1959, pp. 259-271. 17 
refs. Analysis of the variability of the radio 
refractive index of air during different seasons of 
the year and in different climatic regions. 

Characteristics of the Visual Aurorae at Byrd 
Station, Antarctica, During 1957. D. Payne 
Hale. J. Aimos. & Terrestrial Phys., Dec., 1959, 
pp. 65-70. 

Type-B Aurofa in the 


ntarctic. J. M. Malville. 
J. Atmos. & Terrestrial Phys., Oct., 1959, pp. 
59-66. 19 refs. USAF-supported discussion of 
the results of auroral observations and presenta- 
tion of a suggested excitation mechanism to 
explain the details of the type-B spectrum. 


The Association of Solar Radio Bursts with 
Auroral Streams. A. Maxwell, A. R. Thompson, 
and G. Garmire. Planetary & Space Sci., Sept., 
1959, pp. 325-332. 10 refs. Study of the relation 
of the slow drift (spectral type II) bursts to the 
emission of auroral streams and the occurrence of 
geomagnetic storms. 


A Daily Index of Solar Activity Based on E- 
Layer Ionization (July 1957-December 1958). 
C. M. Minnis and G. H. Bazzard. J. Atmos. & 
Terrestrial Phys., Dec., 1959, pp. 57-64. 


The Correlation of Bursts of Solar Radio 
Emission in the Centimetre Range with Flares 
and Sudden lIonospheric Disturbances. 
Hachenberg and A. Kriiger. J. Atmos. & 
Terrestrial Phys., Dec., 1959, pp. 20-33. 16 refs. 


High Frequency Fading Observed on the 40 
Mc/s Wave Radiated from Artificial Satellite 
1957 a. G. S. Kent. J. Atmos. & Terrestrial 
Phys., Oct., 1959, pp. 10-20. 

A Method for Measuring Local Electron 
Density from an Artificial Satellite. L. R. O. 
Storey. J. Res., Sect. D - RP, Nov.-Dec., 1959, 
pp. 325-340. 14 refs. 


The Determination of the Electron Density in 
Interplanetary Space. J. M. Kelso. J. Atmos. & 
Terrestrial Phys., Nov., 1959, pp. 357-359. 
Study showing that the average electron density 
and the arc length of the ray path can be measured 
by transmitting a pulse to the vehicle on one 
frequency and transponding pulses from the 
vehicle on two frequencies. With sufficiently 
accurate measurements, the total electron 
content along the ray path through the ionosphere 
can be determined from such an experiment 
conducted from a high-altitude satellite. 


Ionizing Radiation Detected by Pioneer II. 
A. Rosen, P. J. Coleman, Jr., and C. P. Sonett. 
Planetary & Space Sci., Sept., 1959, pp. 343-346. 
Measurement of the total ionizing component of 
cosmic radiation up to an altitude of 1,550 km. 
An upper bound to the ratio of average-to-mini- 
mum specific ionization was determined by 
comparing the ionization with the count-rate 
observations from the Explorer IV satellite. 

Low Frequency Electromagnetic Radiation 
Associated with Magnetic Disturbances. G. 
R. A. Ellis. Planetary & Space Sci., Sept., 1959, 
pp. 253-264. 21 refs. Analysis of continuous 
observations of the amplitude and spectrum of 
naturally occurring radiation in the band 2-40 
ke./sec., made during the period from June to 
December near Sydney, Australia. 

Characteristics of the Radiation Emerging from 
the Top of a Rayleigh Atmosphere. I—lIntensity 
and Polarization. II—Total Upward Flux and 
Albedo. K.L. Coulson. Planetary & Space Sci., 
Sept., 1959, pp. 265-284. 29 refs. 

Artificial Electron Clouds. II—General Con- 
siderations. IlI—Release of Atomic Potassium 
at121km. F. F. Marmo, J. Pressman, and L. M. 
Aschenbrand. Planetary & Space Sci., Sept., 
1959, pp. 291-318. 35 refs. 


The Propagation of Electromagnetic Waves in 
Ionized Gases (with Special Reference to 
‘‘Whistlers’’). JI, II. F . Northover. . 
Atmos. & Terrestrial Phys., Dec., 1959, pp. 158- 
178. Discussion of recent studies from which it 
has been established that whistling atmospherics 


are caused by lightning flashes, the radiated 
electromagnetic energy being guided fairly well 
along the geomagnetic field lines through the 
ionosphere. A general wave theory is developed 
and applied to the problem of propagation through 
homogeneous compound streaming media. The 
simplest case of ‘‘standard type’’ propagation 
along stationary columns is examined both for 
columns with a central ionic surplus and for 
columns with a central ionic deficiency. 


Lines of Force of the Geomagnetic Field in 
Space. E. H. Vestine and W. L. Sibley. Plane- 
tary & Space Sci., Sept., 1959, pp. 285-290. 12 
refs. Presentation of the lines of force of the 
geomagnetic field at various latitudes and 
longitudes in the northern hemisphere, traced to 
their intersection with the earth’s surface in the 
southern hemisphere using an electronic computer 
and the first nine Gauss coefficients. 


The Flare of September 18, 1957. J. T. 
Jefferies, E. v. P. Smith, and H. J. Smith. 
(Astrophys. J., Jan., 1959, pp. 146-163.) Harvard 
U. HCO Solar Dept. Sci. Rep. 1 (AFCRC TN 
59-267) [AD 213239], Apr. 30, 1959. 24 pp. 19 
refs. Reprint. Discussion of flare spectra cover- 
ing simultaneously a wavelength range of \\ 
3,900-7 


Central Radio Propagation Laboratory Expo- 
nential Reference Atmosphere. B. R. Bean 
and G. D. Thayer. J. Res., Sect. D - RP, Nov. 
Dec., 1959, pp. 315-317. 


Excitation Mechanisms of the Oxygen 5577 
Emission in the Upper Atmosphere. E. Tand- 
berg-Hanssen and F. E. Roach. J. Res., Sect. D- 
RP, Nov.-Dec., 1959, pp. 319-324. 26 refs. 


Turbulence at Altitudes of 80-100 km and its 
Effects on Long-Duration Meteor Echoes. 
J. S. Greenhow and E. L. Neufeld. J. Almos. & 
Terrestrial Phys., Nov., 1959, pp. 384-392. 
Comparison of two theories of long-duration 
radio echoes from meteor trails based on scattering 
from an over-critically ionized column, and in- 
coherent scattering from a trail rendered under- 
dense by small scale turbulence. 


Meteor Radiant Distributions and the Radio- 
Echo Rates Observed by Forward Scatter. 
M. L. Meeks and J. C. James. J. Atmos. & 
Terrestrial Phys., Nov., 1959, pp. 228-235. 10 
refs. USAF-Navy-sponsored comparison of the 
diurnal variations in sporadic meteor echo rate, 
observed by the forward scattering of radio 
waves over three different paths, with predictions 
based on a simplified model of the average 
radiant distribution obtained from radar data by 
Hawkins. 


A Theory for Determining Upper-Atmosphere 
Winds from Radio Observations on Meteor 
Trails. G. V. Groves. J. Atmos. & Terrestrial 
Phys., Nov., 1959, pp. 344-356. Applications of 
the least-square theory to observations on drifting 
meteor trails for obtaining a general number of 
parameters characterizing the wind structure. 
The results enable vertical air motion and time 
and height variations in the wind structure to be 
examined, whereas previously a constant hori- 
zontal wind was assumed. 


The Effect of Trail Irregularities on the Inter- 
pretation of Meteor Echoes. . McNamara 
and D. W.R. McKinley. J. Atmos. & Terrestrial 
Phys., Oct., 1959, pp. 156-159. 


Cosmic Thunderstorms. C. E. R. Bruce: 
Franklin Inst. J., Dec., 1959, pp. 425-445. 25 
refs. Discussion of an electrical discharge the- 
ory and its relation to some astrophysical phe- 
nomena. Interrelationships are established be- 
tween corresponding physical processes in the 
laboratory and in the terrestrial, stellar, and galac- 
tic atmospheres. 


Momentum Spectrum of Particles of the Hard 
Component of Cosmic Rays at an Altitude of 9 
km. L. T. Baradzei, M. V. Solov’ev, Z. I. Tuli- 
nova, and L. I. Filatova. (Zhurnal Teoret. ' 
Exper. Fiz., June, 1959, pp. 1617-1620.) Sor. 
Phys. - JETP, Dec., 1959, pp. 1151-1154. Trans- 
lation. 

A Case of a Sharp Increase in Cosmic-Ray 
Intensity in the Stratosphere. N. P. Rymko, 
V. F. Tulinov, and A. N. Charakhch’yan. (Zhur- 
nal Teoret. i Exper. Fisz., June, 1959, pp. 1687- 
1689.) Sov. Phys. - JETP, Dec., 1959, pp. 1202, 
1203. Translation. Presentation of data on al 
increase in the intensity of cosmic radiation on 
July 8, 1958, at a latitude of 64°N. At an alti- 
tude of 30 km., the intensity was more than 
twice the normal value. On the other hand, no 
increase was observed at latitudes of 51° and 


Raboty Uchenykh Kazakhstana po Kosmiche- 
skim Lucham. Zh. S. Takibaev. AN SSSR 
Vestnik, May, 1959, pp. 101-104. In Russian. 
Survey of research done on cosmic rays ! 
Kazakhstan, U.S.S.R. 


Study of ‘‘Winds’” in the F-Region of the 
Ionosphere During the Unusual Days in the 
IGY-Calendar. R. N. Singh and S. R. Khastgir 
J. Atmos. & Terrestrial Phys., Nov., 1959, PP. 
376-383. 


Some Measurements of Collision Frequency it 
the E-Region of the Ionosphere. D. M. Schilapp. 
& Terrestrial Phys., Nov., 1959, PP- 

40- 


The Determination of the Electron Distribu- 
tion in the Upper Ionosphere from Satellit 
Doppler Observations. F. H. Hibberd and J.‘ 


— 


We 
wer 
ys 
‘ 
: 
! 
‘ 
: 


sphere 
feteor 
estrial 
ons of 
rifting 
ber of 
icture. 
1 time 
» to be 
hori- 


Inter- 
jamara 
restrial 


ation on 
an alti- 
re than 
1and, 00 
51° and 


ysmiche- 
y SSSR 
Russian. 
rays i 


» of the 
; in the 
K hastgit 
959, PP- 


juency is 
Schlapp- 
1959, PP. 


Distribu- 
Satellite 
and J. 4 


Thomas. J. Atmos. & Terrestrial Phys., Dec., 
1959, pp. 71-81. Description of a method showing 
how the electron distribution in the upper 
regions of the ionosphere may be determined 
from simultaneous measurements of the Doppler 
shifts of radio signals of two different frequencies 
received from an artificial satellite. The method 
is illustrated in detail by computations made on 
the 20 and 40 mc./sec. signals from Sputnik I. 

The Calculation of Real and Virtual Heights 
of Reflection in the Ionosphere. J. E. Tithe- 
ridge. J. Atmos. & Terrestrial Phys., Dec., 
1959, pp. 96-109. Description of a method by 
which the heights kh corresponding to a given 
series of electron densities N can be calculated 
from an ionogram which shows the h’(f) curve for 
the ordinary or extraordinary wave. 


The Electron Density Distribution in the F- 
Region of the Ionosphere. A. J. Hirsh. J. 
Atmos. & Terrestrial Phys., Dec., 1959, pp. 86- 
95. 

Ionization Below the Night-Time F-Layer. 
J. E. Titheridge. J. Atmos. Terrestrial Phys., 
Dec., 1959, pp. 126-133. 

The Use of the Extraordinary Ray in the 
Analysis of Ionospheric Records. J. E. Tithe- 
ridge. J. Atmos. & Terrestrial Phys., Dec., 1959, 
pp. 110-125. 


The Early Morning E2-Layer and Some 
Evidence of Pre-Sunrise F-Layer ‘‘Splitting.’’ 
P. Bandyopadhyay. J. Atmos. & Terrestrial 
Phys., Oct., 1959, pp. 84-92. 12 refs. 

Diffusion of Ions in a Static F: Region. J. E. C. 
Gliddon. Quart. J. Mech. & Appl. Math., Aug., 
1959, pp. 340-346. Study showing that the 
vertical diffusion of ions under the action of 
gravity and of a rate of electron loss which 
decreases exponentially with height corresponds 
to heat conduction in a rod with a heat-source 
eon and radiation from the lateral 
surface. 


Use of Green’s Function in the Solution of 
Tonospheric Diffusion Problems. 
Gliddon. Quart. J. Mech. & Appl. Math., 
Aug., 1959, pp. 347-353. Application of the 
mathematical analogy between diffusion of ions 
in the ionosphere and heat conduction in a rod 
to solve the problem of diffusion with an attach- 
ment-type law of electron loss. The solution for 
the case of a constant loss coefficient is obtained 
in terms of Green’s function for the semi-infinite 
conducting solid. 


Some Aspects of the Electrical Properties of the 
Upper Atmosphere. P. A. Goldberg. (AAS 5th 
Annual Meeting, Wash., Dec., 1958.) J. Astron. 
Sci., Winter, 1959, pp. 63-68. 14 refs. Evalua- 
tion of electrical properties of the D-region of the 
ionosphere for altitudes of 150,000 to 300,000 ft. 
Included are altitude profiles of a.c. electri- 
cal conductivity, dielectric constant, index of 
refraction, vertical attenuation factor and 
Penetration depth, and long oblique path radio 
signal attenuation. 


A Contribution to the Theory of the Motion of 
Weak Irregularities in the Ionosphere. od 
Clemmow and M. A. Johnson. J. Atmos. & 
Terrestrial Phys., Oct., 1959, pp. 21-36. Investiga- 
tion of the motion of weak irregularities in an 
otherwise homogeneous, slightly ionized gas under 
the influence of electrostatic and magnetostatic 
fields. It is shown that, to a good approximation 
for ionospheric applications and with the neglect 
of diffusion, a plane wave travels with negligible 
attenuation with a velocity which is (a) propor- 
tional to the magnitude of the electrostatic 
field, (b) independent of the wavelength, and 
(c) dependent on the direction of the wave-normal. 
The effects of diffusion are also examined. 


Electron Densities of the Ionosphere Utilizing 
High-Altitude Rockets. Haycock, J. I. 
Swigart, and D. J. Baker. IRE Trans., AP 
Ser., Oct., 1959, pp. 414-418. Study covering the 
problem of determining the electron densities in 
the E-region of the ionosphere by using 6-mc. 
pulse transmissions from a rocket to several 
ground receiving stations. A logical and complete 
development, using dyadic techniques, is given for 
obtaining the propagation constant of the dis- 
Sipative, anisotropic ionosphere. Special cases 
of the .Magneto-ionic formulas are given, and 
comparison of the ionosphere with a distributed- 
constant transmission line is made. 


Nature et Origine des Ceintures Radiatives 
Autour de la Terre. S. F. Singer. (AERA 2nd 
Internatl. Congr., Paris, June, 1959.) Fusées, 
Aug., 1959, pp. 85-89. 14 refs. In French. 
Translation. Discussion of the nature and 
origin of radiation belts around the earth, cover- 
ing medical aspects and protective measures. 
Star Scintillations and Ionospheric 

sturbances. T. R. Hartz. Can. J. Phys., 
Oct., 1959, pp. 1137-1152. 23 refs. Study of the 
generation mechanism for the ionization ir- 
regularities in the upper atmosphere responsible 
or radio star scintillations. Recordings made at 

tawa are examined for a dependence on in- 
dene Particles which produce ionospheric 

Sturbances, and the results are compared with 
Previously obtained data. 


Roudden Changes in the Virtual Height of 

mvt Waves Reflected from the E-Region of 

Te lonesphere. J. D. Whitehead. J. Atmos. & 
errestrial Phys., Oct., 1959, pp. 99-102. 

Py 4 Effect of the Fi-Layer on the Calculation 
the Height of the F2-Layer. M. D. Vickers. 


& Terrestrial Phys., Oct., 1959, pp. 103— 


A New Theoretical Model of the Composite F- 
Layer. F. Mariani. J. Atmos. & Terrestrial 
Phys., Oct., 1959, pp. 160-173. 23 refs. 


New Methods and Some Results Concerning 
True Ionospheric Height Calculations. W 
Becker. J. Atmos. & Terrestrial Phys., Oct., 1959 
pp. 67-83. 10 refs. 


An Investigation of the Ionospheric D-Region. 
J. A. Fejer and R. W. Vice. J. Atmos. & Terres- 
trial Phys., Nov., 1959, pp. 291-306. Application 
of two previously described methods of iono- 
spheric investigation, the observation of weak 
echoes from the D-region and the measurement 
of ionospheric wave interaction, to determine 
tentative profiles of electron density and collision 
frequency for the ionosphere below about 85 km. 


The Effects of a Solar Eclipse on a Stratified 
Ionosphere. J. A. Gledhill. J. Atmos. & Terres- 
trial Phys., Nov., 1959, pp. 360-366. Calculation 
of the effects of an eclipse on a simple three- 
layer ionosphere in which the recombination 
coefficient decreases with height. 


Power Plants 


Transient and Steady-State Behavior of an 
Idealized Solar Powered Heat Exchanger. J. W. 
Tatom. ARS J., Jan., 1960, pp. 116-118. 


The Production of Auxiliary Power. de 
Havilland Gazette, Dec., 1959, pp. 195, 198. Brief 
survey of a series of auxiliary power units de- 
veloped by de Havilland Engine Company. 


Electric Energy Sources and Conversion Tech- 
niques for Space Vehicles. V. C. Wilson. 
IAS 28th Annual Meeting, New York, Jan. 25-27, 
1960, Paper 60-31. Members, $0.50; nonmem- 
bers, $1.00. 11 pp. USAF-supported study of 
possible sources of auxiliary power, showing the 
thermionic converter to be the most promising. 


SNAP III—Electrical Power for Space Probes. 
Aircraft & Missiles, Jan., 1960, pp. 28-30. Dis- 
cussion of the principles of thermionic conversion 
and description of one such device using semi- 
conductor materials. 


Non-Air-Breathing Auxiliary Powerplants. D. 
L. Cochran, A. T. Biehl, D. R. Sawle, M. 
Gustavson, and A. M. Taylor. SAE Natl. Aero 
Meeting, New York, Mar. 31-Apr. 3, 1959, Pre- 
print 53T. 33 pp. Analysis concluding that 
chemical propellant and nuclear mechanical con- 
version systems are required for power levels 
greater than a few kilowatts. The chemical 
systems are best suited for short duration. 
Nuclear systems are the only possibility, other 
than solar systems, for long duration and high 
power. 


Electrochemical Auxiliary Power Sources for 
Missiles and Space Flight. M. Eisenberg. 
Elec. Eng., Jan., 1960, pp. 58-63. Comparison 
of electrochemical fuel cells with other energy- 
conversion devices. 


Better Energy Conversion Devices Are Needed. 
R. A. Jones and J. S. Keeler. (SAE Natl. Aero. 
Meeting, Los Angeles, Oct. 5-9, 1959, Preprint 
105U.) SAEJ., Jan., 1960, pp. 30-33. Abridged. 
Analysis of future power requirements and deter- 
mination of the degree to which these require- 
ments may be met by new conversion devices 
and systems. Various methods are examined 
and it is concluded that solar energy shows 
promise as the optimum approach to space- 
vehicle power requirements. 


Cradle of the ‘‘A’’ Engine. Rafe Gibbs. 
Flying, July, 1959, pp. 28, 29, 56. Brief descrip- 
tion of test facilities being built for testing atomic 
aircraft power plants. 


Jet & Turbine 


K3Voprosu o Napriazhennom Sostoianii Zuba 
“‘Elochnogo’’ Zamka Lopatki. M. D. Smirnov. 
MVO SSSR VUZ Izv. Av. Tekh., No. 2, 1959, 
pp. 156-158. In Russian. Study of the state of 
stress in a tooth of a turbine blade with an at- 
tachment of the Christmas-tree type. Previously 
obtained results are used in the calculation, and a 
comparison is made between theoretical and 
experimental data. 


Conway. Flight, Jan. 15, 1960, pp. 77-82, cut- 
away drawing. Presentation of the develop- 
mental history and design characteristics of the 
Rolls-Royce by-pass turbojet. 


Rolls-Royce Conway. The Aeroplane & Astro- 
nautics, Jan. 15, 1960, pp. 81-84, cutaway draw- 
ing. Survey covering developmental history 
and design details of the by-pass engine. 


The 2000 Hour Proteus Turboprop. P. F. 
Green. (ASME Gas Turbine Power Conf., Cin- 
cinnati, Mar. 8-11, 1959, Paper 59-GTP-10.) 
Mech. Eng., Jan., 1960, pp. 37-40. Presentation 
of design characteristics of the engine emphasizing 
its reliability and long life between overhauls. 


Design Details of J79 Turbojet. Randolph 
Space/ Aeronautics, Feb., 1960, pp. 


Tomorrow’s Aero Engines. Flight, Jan. 1, 
1960, pp. 8-10. Discussion of performance pa- 
rameters to be emphasized in future engine de- 


April1960 + 


United Research Corporation of 
Menlo Park, a subsidiary of 
United Aircraft Corporation, 
announces it has changed its 
name to 


UNITED 
TECHNOLOGY 
CORPORATION 


Objectives of this company 
have evolved to encompass 
not only research but also 
development work in the 
fields of solid and liquid pro- 
pellants through complete 
qualification of rockets and 
of advanced propulsion sys- 
tems. 


The new name — with its emphasis on 
“technology”— clearly defines the scope 
of the activities being undertaken. 


Construction of two multi- 
million dollar permanent 
facilities to implement the 
objectives of the corporation 
is now underway. A Research 
and Engineering Center is 
being built on a 25-acre site 
in Sunnyvale; a Develop- 
ment and Test Center in the 
foothills some 10 miles south- 
east of San Jose, California, 
in the prime living area of 
the San Francisco Peninsula. 


UNITED TECHNOLOGY CORPORATION 
P. 0. Box 365 + Menlo Park, Calif. 
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signs—the improvement in specific fuel con- 
sumption and the increase in thrust/weight ratio. 
VTOL, supersonic, and hypersonic aircraft are 
examined as to power-plant requirements. 


Konstruktionsmerkmale von Strahltrieb- 
werken. . Karl Leist. VDI Zeitschrift, 
Dec. 11; 21, 1959, pp. 1677-1690; 1775-1781. 


In German. Presentation of the design features 
of turbojet and ducted-fan engines. Includes 
cutaway and longitudinal cross-section drawings 
of the engines described. 


The Vertical Flight Powerplant 
Design. J. A Malley, Jr., and A. M. Jackes. 
SAE Nail. ph Meeting, New York, Mar. 31- 
Apr. 3, 1959, Preprint 64T. 16 pp. 16 refs. 
Discussion based on three considerations: (1) 
the thrust direction must be movable from hori- 
zontal to vertical; (2) a special system of con- 
trols is required during VTOL—control of trans- 
lation and vertical motion must be provided by 
either the principal propulsion system or an auxili- 
ary system; and (3) the systems of lifting thrust 
are strongly influenced by the interference re- 
sulting from the aerodynamic and structural ar- 
rangement of the aircraft. 


Future Applications of Ducted Fan Power- 
Plants. Neil Burgess and A. P. Fioretti. (SAE 
Natl. Aero. Meeting, Los Angeles, Oct. 5-9, 1959, 
Preprint 103V.) Esso Air World, Nov.-Dec., 
1959, pp. 64-68. Discussion of the use of ducted 
fan engines for subsonic logistics and transport 
aircraft; for VTOL aircraft that have wing- 
mounted fans with their axis in a vertical plane, 
driven by jet engines mounted in the conven- 
tional horizontal plane; and for take-off augmen- 
tation in supersonic transports. 


a Propulsion Spectrum for VTOL Aircraft. 

D. A. Richardson. SAE Natl. Aero. Meeting, 
New York, Mar. 31—Apr. 3, 1959, Preprint 64S. 
7 pp. Discussion suggesting two different changes 
in the basic cycle of jet engines to improve per- 
formance, stressing the need for minimum weight 
designs for propellers and engines. 


A Practical Approach to Turbojet Engine Man- 
agement and Trouble-Shooting in Flight. E. F. 
Ayers and P. D. Doran. Soc. Exp. Test Pilots 
Quart. Rev., Fall, 1959, pp. 37-46. Discussion of 
the advisability of integrated aircraft and engine 
performance data. 


Jet Engines Test Cell Facilities. B.C. Seed. 
Air BP, No. 13, 1959, pp. 21-25. Detailed de- 
scription of the fuel handling aspect of the engine 
test cell installation. A test cell installation, 
where kerosene-type fuel and JP-4 are required, 
is discussed. 


Water Injection Gives F-105 200) lb Extra 
Thrust. Victor de Biasi. Space/Aeronautics, 
Feb., 1960, pp. 119-121. Schematic and opera- 
tional description of the water injection system 
and the special ground servicing equipment de- 
signed for the F-105 fighter bomber. 


Ram-Jet & Pulse-Jet 


Analiz Raboty Prosteishei 
Kamery Sgoraniia v Usloviiakh Poleta. . 
Talantov. MVO SSSR VUZ Izv. Av. Tekh., 
No. 2, 1959, pp. 122-133. In Russian. Analysis 
of the effect of flight conditions on the perform- 
ance of ram-jet combustion chambers, taking into 
account such parameters as pressure, temperature, 
fuel mixture composition, and flow turbulence. 


Struktura Turbuyentnogo Plosko-Parallel’nogo 
Sleda za Plokho Obtekaemym Telom. I. V. 
Bespalov and B. G. Khudenko. MVO SSSR 
VUZ Izv. Av. Tekh., No. 2, 1959, pp. 3-11. 
In Russian. Presentation of experimental results 
on the structure of turbulent plane-parallel wake 
behind a blunt body used as flame stabilizer in a 
ram-jet combustion chamber. 


Rocket 


Composition of Reaction Mixture Flowing 
Through Rocket Nozzle. R. P. Rastogi and T. P. 
Pandya. R. , Jan., 1960, pp. 63, 64, 113. 
Development of a "procedure which permits the 
prediction of near-frozen or near-equilibrium 
flow in rocket nozzles. It is found that the re- 
action 2 NO — Ne + Orin aniline-nitric acid 
rocket motors is nearly frozen at the chamber exit, 
in agreement with the earlier finding of Penner. 

Uncertainty in a Calculated Specific Impulse 
Due to an Uncertainty in the Heat of Formation 
of the Propellant. L. J. Gordon. ARS J., 
Jan., 1960, pp. 115, 116. 

Solid Propellants and Multi-Million Pound 
Boosters. John Gustavson. Western Av., Jan., 
1960, pp. 18-22. Discussion of the advantages 
of a solid-propellant space rocket by referring 
to the equation for velocity increase at burnout 
in vertical flight. The greater economy, reliabil- 
ity, simplicity of design, and the simplicity of the 
launching procedure of the solid-propellant rock- 
ets are pointed out. 

Plug Nozzle Rockets Show Space, Missile 
Promise. Av. Week & Space Tech., Feb. 1, 1960, 
pp. 16-19. Presentation of the advantages of 
plug nozzles. Various résearch programs in this 
field are surveyed. 


Production 


Drawing-Reproduction; A Composite System 
Using Microfilms, Punched-Cards and Xero- 
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—— Printing. Aircraft Prod., Jan., 1960, pp. 
19-25. 

Materials Engineering in the Vigilante. Air- 
craft & Missiles, Feb., 1960, pp. 18-20. Survey 
of the new uses of titanium in the North Ameri- 
can A3J. Special bonding techniques developed 
for the variable inlet ramp, the weight reduction 
realized by the gold coating on engine shrouds, 
and forging techniques for a titanium stabilizer 
rib are described. 


Metalworking 


Compressively Stress-Relieved Forgings. R. 
oo: Can. Aero. J., Jan., 1960, pp. 
10-14. 


Done Better by Dynamite. Ryan Reporter, 
No. 5, 1959, pp. 5-7. Description of an explosive 
forming method used for the production of com- 
plicated shapes. 


Resistance-Heating; Hot-Forming Titanium 
Sheet Using Mobile Press-Heating Units. 
Aircraft Prod., Jan., 1960, pp. 2, 3. 

Spark-Bomb Method Promises In-Plant Ex- 
plosive Forming. Space/ Aeronautics, Feb., 1960, 
pp. 99-101. 

Boring Compressor-Shafts. H. J. Pearson. 
Aircraft Prod., Jan., 1960, pp. 26-37. Descrip- 
tion of a method making use of a piloted boring- 
bar to assure the accuracy of internal profiling 
operations. 


Spark-Erosion, Multiple-Head Installation for 
Machining Apertures in Gas-Turbine Blade- 
Rings. Aircraft Prod., Jan., 1960, pp. 8-18. 
Description of the spark-erosion machine and its 
operation in the machining of blade-retaining 
slots in Nimoic 75 material. 

Automatic Drill for Batch Production. Air- 
craft Prod., Jan., 1960, pp. 4-7. Description of a 
machine with a six-spindle indexing head having 
electrical controls rather than electronic, and 
operated by an air-hydraulic system. 


The New Welding Processes. J.C. Merriam. 
Materials in Des. Eng., Manual No. 166, Jan., 
1960, pp. 105-120 Description of the foilow- 
ing processes: electron beam, high-frequency 
resistance, ultrasonic, percussion, and thermal 
compression welding. 

Engines Improved by Quick Brazing. F. G. 
McGuire. Missiles & Rockets, Jan. 11, 1960, pp. 
35, 37. Description of a hydrogen bell brazing 
furnace and its application to rocket engine fab- 
rication. 


How to Brazeina Vacuum. F. D. Seaman and 
E. M. Lundgren. Space/ Aeronautics, Jan., 1960, 
pp. 121, 122, 124, 126. Description of methods 
and apparatus for small-job-lot brazing opera- 
tions. Pumping devices, sealing methods, and 
vacuum measurement are discussed. 


Silver-Aluminium Alloys for Brazing Titanium 
and Its Alloys. H. C. Davis. Metallurgia, 
Nov., 1959, pp. 205-211. 

Ultrasonic Welding and Improved Structural 
Efficiency. J. Jones and H. L. McKaig. 
IAS 28th Annual Meeting, New York, Jan. 25-27, 


1960, Paper 60-10. Members, $0.50; nonmem- 
bers, $1.00. ll pp. 10 refs. Description of the 
process and discussion of the metallurgical 


properties of ultrasonic welds, the weld strength, 
leak-tightness, the fatigue strength, and the 
strength degradation. 


Nonmetalworking 


What Protects the Payload? J. P. Kushnerick. 
Aircraft & Missiles, Feb., 1960, pp. 48-50. Pres- 
entation of the manufacturing and quality con- 
trol procedures of ablation heat shields. The 
effectiveness of laminates of phenolic resin and of 
various reinforcing agents is noted. 


Production Engineering 


Ultrasonics Cut Nose-Cone Gaging Time. 
Don Paisley. Aircraft & Missiles, Feb., 1960, 
pp. 30-32. Evaluation of the ultrasonic resonant 
gaging technique in determining the thickness of 
filament wound and wet-layup plastic shapes. 
Speed of operation, portability, and an accuracy 
up to +0.001 in. are the main properties of the 
ultrasonic gage. 


Tooling 


Optics Can Put Accuracy in Your Design. 
H.H. Poett. Aircraft & Missiles, Feb., 1960, pp. 
52-54. Survey of the unusual uses of alignment 
telescopes, used with other instruments, in the 
building and alignment of missiles. Many of 
these procedures represent a saving in time and 
effort, as well as an improvement in accuracy. 


Reliability 


Field-Testing Reliability Into a Complex 
Weapon System. R.A.Kirkman. Missile Des.& 
Devel., Dec., 1959, pp. 20-23. Study concluding 
that the formation of a good test and checkout 
program to insure reliability requires more than 
a nominal analysis of the effects involved and is 
best implemented by high-speed, digital, auto- 
matic checkout equipment. 


April 1960 


Research, Research Facilities 
Special Issue. Undersea Weapon Systems, 
Space/Aeronautics, Jan., 1960, pp. 39-109. 
Partial Contents: Industry Views the Future of 
Undersea Weapon Systems, R. M. Loebelson. 
State of the Art: Detection and Communications, 
James Holahan. State of the Art: Guidance and 
Navigation, Bernard Kovit. State of the Art: 
Propulsion, Victor de Biasi. State of the Art: 
Hydrodynamics, Structures, Materials, Irwin 
Stambler. Cavitation Problems Loom Large in 
Underwater Missile Design, R. H. Oversmith, 
a to Build a Hydro-Acoustic Test Tank, R. L, 

eam. 


Flight Testing 


Special Flight Testing for the Carrier Suit- 
ability of Naval Aircraft. R. M. Elder. Soc. 
Exp. Test Pilots Quart. Rev., Fall, 1959, pp. 47-55. 
Description of devices—external to the airplane 
—used to accelerate it to flying speed for take- 
off, to indicate precise glide path information 
for the landing approach, and to decelerate the 
airplane onlanding. Structural and aerodynamic 
characteristics of the airplane compatible with 
these devices are given. 

Flight Testing at Mach 2. CEC Recordings, 
Fall, 1959, pp. 3-5. Description of test instru. 
mentation for determining in-flight loads on the 
wing, pylons, and tail of the B-58 bomber. 

Construction of Free Flight Models in Glass 
Reinforced Plastics. Appendix—Three Point 
rytay Tests. E. J. R. Thomas. Gt. Brit., 
RAE TN A. D. W. 6, Apr., 1959. 21 pp. De- 
velopment of manufacturing techniques using 
cold setting epoxy resins and glass fabric for the 
production of free-flight spinning models. 

The Third Crusade in Dallas. CEC Record- 
ings, Fall, 1959, pp. 14,15. Description of flight- 
test instrumentation used in the XF8U-3 fighter 
aircraft. 


Wind Tunnels 


Wind Tunnel Data Handling. E. Patterson. 
Electronic Eng., Jan., 1960, pp. 30-36. 16 refs. 
Discussion of the requirements that have led to 
the evolution of the data handling system from 
the manual and visual recording methods of a 
decade ago to the fully automatic high-speed 
systems of the present generation of wind tunnels. 


Light Source for High-Speed Photography. 
M. R. Wilson and R. J. Hiemenz. Res. Trends 
(Cornell Aero. Lab.), Fall, 1959, pp. 5-8. Ap- 
plication of photographic techniques to a hyper- 
sonic shock tunnel. The multiple-spark light 
source, the optical system, and the drum camera 
are described. 

Thin-Film Thermometer Measurements in 
Partially Ionized Shock-Tube Flows. P. V. 
Marrone and R. A. Hartunian. Phys. Fluids, 
Nov.-Dec., 1959, pp. 719-721. 


Rotating Wing Aircraft, Helicopters 


The Programme of Development Testing for a 
Helicopter. T. G. Newbery. (Helicopter 


Assn. Gt. Brit. Meeting, London, Oct. 9, 1959.) 
Helicopter Assn. Gt. Brit. J., Oct., 1959, pp. 262- 
279; Discussion, pp. 280-293. 12 refs. Discus- 


sion including strength tests, specialized proc- 
esses, engine program, functional tests, endurance 
tests, and rigs. 

Engineering the Helicopter. World Helicopter 
& Vertical Flight, Nov.-Dec., 1959, pp. 192-197. 
Brief discussion of British equipment for heli 
copters including electrical, hydraulic, trans- 
missions, all-weather, and specialized equipment 
and accessories. 

Réponse d’un Rotor d’Hélicoptére 4 une Aug- 
mentation du Pas Général dans le Cas du Vol 
Vertical. J. Rebont, J. Valensi, and J. Soulez- 
Lariviére. (4th Internatl. Aero. Congr. on Rotary 
Wings & Vertical Flight, Paris, June 15-19, 
1959.) Tech. & Sci. Aéronautiques, May-June, 
1959, pp. 177-183. In French. Theoretical and 
experimental investigation covering the response 
of a helicopter rotor to the general pitch increase 
in the case of vertical flight. 

Catalogue of Rotary-Wing Aircraft. [nteravio, 
Dec., 1959, pp. 1488-1494. Tabular summary 
of the performance of 53 helicopters having take- 
off weights up to five tons, and 14 helicopters 
having take-off weights over five tons. 

Helicopters in Soviet Civil Aviation. V. 
Nazarov. Interavia, Dec., 1959, pp. 1486, 1487, 
Brief description of the Mi-1 and Ka-15 helicop- 
ters and discussion of their civil use. 

Rotorcycles by Saunders-Roe. The Aeroplane 
& Astronautics, Jan. 8, 1960, pp. 40-43. Pres 
entation of the design and performance data on 
the one-man helicopter developed by Hiller. 

The Evolution : the McDonnell Model 120 
Crane Helicopter. R. Novak. (4th Internat! 
Aero. Congr. on A nd Wings & Vertical Flight, 
Paris, June 15-19, 1959.) AHS J., Jan., 1960, 
pp. 9-23. Presentation of dev elopmental history 
and design and performance characteristics of the 
small jet-powered crane helicopter. 


Research and Design Progress Toward High 
Performance Rotary Wing Aircraft. P. |- 
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og i, to the oscillator through its plate voltage supply. With this setup 5 cps. 


5 helicop- [ OUtput is maintained within 2% over th = : %& Blanking circuit shorts out CRO trace 
ia ) quency ran ge — 7 over the oscillator’s entire fre %& Sweep arc adjustable from 30° to 300°. during return portion of cycle and pro- 
: At sweep speeds below 1 cps, arc can be duces a reference base line. 


Interavia, 


Write For Complete Information 
e data 

filler. 


GENERAL RADIO COMPANY 


ical Flight, 
‘an., 1960, WEST CONCORD, MASSACHUSETTS 


tal history 
stics of the 


NEW YORK, WOrth 4.2722 CHICAGO PHILADELPHIA WASHINGTON, D.C. SAN FRANCISCO LOS ANGELES IN CANADA 
* District Office in Ri H = ak Par Abington ilver Spring Los Alto: Angeles Toronto 
ward, igh Ridgefield, NJ. 8.9400 HAncock'4-7419 -JUniper S-1088 8.8233 _HOllywood 9-6201 CHerry 6-2171 


- 
ms, 
Soc. < | 
plane 
take- 
ation 
1amic 
: Type 1750-A Sweep Drive, $470 
a 


Michel. IAS 28th Annual Meeting, New York, 
Jan. 25—27, 1960, Paper 60-27. Members, $0.50; 
nonmembers, 15 pp. Survey of the in- 
accuracies in rotor theories and presentation of 
the advances in the development of research tools 
and in determining the limit of useful rotor 
performance. Devices intended to improve heli- 
copter performance are evaluated in terms of this 
new knowledge. 


Progress Report on the Saro Wasp. The 
Aeroplane & Astronautics, Jan. 1, 1960, pp. 13-16, 
cutaway drawing. Presentation of the design 
and performance characteristics of a helicopter 
having a five-turbine engine. 


Present, Potential, and Future Requirements 
for Rotary Wing All Weather Flight. D. B. 
Bennie. [AS 28th Annual Meeting, New York, 
Jan. 25-27, 1960, Paper 60-48. Members, 
$0.50; nonmembers, $1.00. pp. Discussion 
of the first all-weather helicopter. Test flights 
show its use in submarine detection and in night 
plane guard mission for the aircraft carrier; in- 
strument flight and instrument landing ap- 
proaches to airfields or aircraft carriers employ- 
ing the installed approach facilities do not present 
any particular handling problems. 


Safety 


Radio Beacon Helps Locate Aircraft Crashes. 
D. M. Makow. Electronics, Jan. 22, 1960, pp. 
54-56. Description of a radio beacon, designed 
to withstand high g’s and extreme environment, 
which flies free of a crashing aircraft and then 
automatically transmits a distress signal. 

Emergency Procedure for Civil Jets. Marius 
Lodeesen. Flying, Aug., 1959, pp. 34, 35, 60, 62. 
Description of the safety gear and procedures for 
new jets. 


Structures 
Bars & Rods 


Napriazhennoe Sostoianie v Rastiagivaemom 
Tsilindricheskom Sterzhne, Oslablennom Sferi- 
cheskoi Polost’iu. F. P. Kochanov. AN SSSR 
Otd. Tekh. Nauk Izv. Mekh. i Mashinostr., Sept., 
Oct., 1959, pp. 169-175. In Russian. Deter- 
mination of the state of stress in a cylindrical rod 
of finite thickness and infinite length, weakened 
by a spherical cavity and subjected to torsion. 


Cylinders & Shells 


Nelineinye Integral’no-Operatornye Urav- 
neniia Polzuchesti i Zadacha o Kruchenii Tsilin- 
dra pri Bol’shikh Uglakh Krutki. M. I. Rozov- 
skii. AN SSSR Otd. Tekh. Nauk Izv. Mekh. ¢ 
Mashinostr., Sept.-Oct., 1959, pp. 109-116. 
11 refs. In Russian. Application of nonlinear 
integral equations of creep to study the torsion 
of cylinders for the case of large torsional angles. 

he numerical values of creep parameters are 
for aluminum alloys and low-carbon 
steel. 


Review of Design Information on Buckling of 
Unstiffened Thin Walled Circular Cylindrical 
Shells. Bertram Klein. (ARS 13th Annual 
Meeting, New York, Nov. 17-21, 1958.) ARS J., 
Jan., 1960, pp. 7-13. 52 refs. Presentation of 
design information on buckling from a review of 
theories and test data that considers the follow- 
ing cases: pure compression, pure bending, pure 
torsion, external hydrostatic pressure, combined 
compression and internal pressure, combined 
bending and internal pressure, and combined tor- 
sion and internal pressure. Need for further 
test data is stressed in several cases. 


Elasticity & Plasticity 

On Large Defiections. R. Frisch-Fay. Aus- 
tralian J. Appl. Sci., Dec., 1959, pp. 418-432. 
Application of the exact theory of deflections to 
determine the stability of a strut once the load 
has exceeded the critical value. A solution is 


presented for a cantilever with a load acting in 
any direction. 


O Formakh Obshchego Resheniia Prostranst- 
vennoi Zadachi Teorii Uprugosti, Vyrazhennykh 
pri Pomoshchi Garmonicheskikh Funktsii. V. 
M. Deev. Prikl. Mat. i Mekh., Nov.-Dec., 1959, 
pp. 1132, 1133. In Russian. Derivation of 
general solutions for the three-dimensional prob- 
lem in the theory of elasticity, expressed by 
means of harmonic functions. 


O Napriazheniiakh v Uprugoi Poluploskosti. 
A. I. Kalandiia. Prikl. Mat. i Mekh., Nov.—Dec., 
1959, pp. 1130, 1131. In Russian. Derivation 
of a closed-form solution for the first problem in 
the theory of elasticity covering the case of a 
half-space, assuming random boundary values 
for the stresses at infinity and an infinite vector 
for the external forces applied at the boundary. 


O Rasprostranenii Uprugikh Voln v Dvukh- 
komponentnykh Sredakh. L. Ia. Kosachevskii. 
Prikl. Mat. 1 Mekh., Nov.-Dec., 1959, pp. 1115- 
1123. In Russian. Study of the propagation of 
elastic waves in homogeneous isotropic media 
composed of liquid and solid components. The 
reflection of plane waves and the case of surface 
waves at the free boundary of a half-space are also 
calculated. 
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O Rasprostranenii Uprugo-Plasticheskikh Voln 
pri Slozhnom Nagruzhenii. N. Kristesku. Prikl. 
Mat. i Mekh., Nov.-Dec., 1959, pp. 1124-1128. 
In Russian. Study of the propagation of elastic- 
plastic waves in media subjected to complex 
loading. 


K Teorii Ideal’noi Plasticheskoi Anizotropii. 
D. D. Ivlev. Prikl. Mat. i Mekh., Nov.—Dec., 
1959, pp. 1107-1114. In Russian. Study of the 
behavior of an ideal, anisotropic rigid plastic 
body in the case of a plasticity condition general- 
izing Tresca’s plasticity condition. 


Teoremy Vzaimnosti i Funktsii Vliianiia dlia 
Tenzora Plotnosti Dislokatsii i Tenzora Nesov- 
mestnosti Deformatsii. V. L. Indenbom. AN 
SSSR Dokl., Oct. 11, 1959, pp. 906-909. In Rus- 
sian. Presentation of reciprocity theorems and 
influence functions for the tensors of dislocation 
density and deformation incompatibility. 


Plates 


Stress Functions for Plates Bounded by Piece- 
wise Analytic Curves. M. M. Chen and P. T. 
Hsu. J. Aero/Space Sci., Mar., 1960, p. 240. 
Derivation of stress functions for plan forms 
bounded by piecewise analytic curves from a 
generalization of the standard expression for 
the Airy stress function of rectangular plates. 


Izgib Plastiny Peremennoi Tolshchiny. M. G. 
Slobodianskii. AN SSSR Otd. Tekh. Nauk Izv. 
Mekh. i Mashinostr., Sept.-Oct., 1959, pp. 99- 
108. In Russian. Determination of the deflec- 
tion and bending moments in the bending problem 
of plates of variable thickness. The problem is 
reduced to the solution of the boundary problem 
for the equations with variable coefficients, and 
the special main part of the Green function is 
derived. 


Kruchenie i Sdvig Iskrivlennoi Plastinki, Osla- 
blennoi Otverstviem. I. M. Pirogov. MVO 
SSSR VUZ Izv. Av. Tekh., No. 3, 1959, pp. 33-35. 
In Russian. Presentation of an approximate solu- 
tion to the problem of determining the stresses 
in the neighborhood of a small hole in the surface 
of a cylindrical plate. The plate is subjected to 
loading by torsional couples with moment H 
and shearing forces S, distributed uniformly 
along the periphery. 


Malye Progiby Neodnorodnykh po Termoupru- 
gim Svoistvam Izotropnykh Plastin. E. L. 
Aksel’rad. AN SSSR Otd. Tekh. Nauk Izv. 
Mekh. i Mashinostr., Sept.-Oct., 1959, pp. 176, 
177. Application of previously obtained results 
to derive equations for the bending of thin plates, 
taking into account the effect of longitudinal 
stresses. The equations are then used to study 
the problem of deformation due to heating for the 
case of arbitrarily shaped plates with a free edge. 


Rings 

Formulas for the Determination of Thermal 
Stresses in Rings. Marvin Forray. J. Aero/ 
Space Sci., Mar., 1960, pp. 238-240. Presentation 
of design equations for the polar-coordinate stress 
components of a traction-free circular ring. 


Sandwich Construction 


How to Design Optimum Joints for High-Tem- 
perature Honeycomb Panels. F. J. Filippi and 
Boris Levenetz. (SAE Natl. Aero. Meeting, 
Los Angeles, Oct. 5-9, 1959, Preprint 99U.) 
SAE J., Jan., 1960, pp. 34-41. Study of the two 
basic methods for the design of joints: the pic- 
torial design approach and the analytic design 
approach. The pictorial design is mainly con- 
cerned with optimizing one type of structure, 
such as honeycomb sandwich. Analytic design 
is concerned with optimizing the best load trans- 
fer of the lightest weight, irrespective of the type 
structure necessary to accomplish the trans- 
er. 


Nekotorye Voprosy Prochnosti Trekhsloinykh 
Plastin s Legkim Zapolnitelem. I. S. Golubev. 
MVO SSSR VUZ Izv. Av. Tekh., No. 2, 1959, 
PP. 62-71. In Russian. Study of the strength 
of sandwich panels for wing structures composed 
of three layers. The analysis of the state of de- 
formation for both the wing and the panel is used 
to determine the effective stresses and displace- 
ments of the latter. 


Thermal Stress 


Thermoelastic Problem for a Wedge. W. 
Piechocki and H. Zorski. Acad. Pol. Sci. Bul., 
Tech. Sct. Ser., No. 10, 1959, pp. 555-565. An- 
alysis considering the temperature boundary 
conditions as discontinuous, the static conditions 
continuous, and displacements or tractions as 
being given on the infinite boundaries of the 
wedge. 


Thermoelastic Problem for an Isotropic Sphere 
with Temperature Dependent Properties. Jerzy 
Nowinski. ZAMP, Nov. 25, 1959, pp. 565-575. 
Army-sponsored derivation of formulas for 
thermal stress dealing with arbitrary variation of 
temperature as well as arbitrary variation of 
Young’s modulus, coefficient of thermal expan- 
sion, and thermal conductivity with tempera- 
ture. 
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O Kriterii Ustoichivosti pri Polzuchesti. S. A. 
Shesterikov. Prikl. Mat. i Mekh., Nov.—Dec,, 
1959, pp. 1101-1106. Im Russian. Presenta- 
tion of a stability criterion for the case of rectilinear 


equilibrium in the presence of creep. 


Wings 

Limit Analysis of Multicell Boxes Submitted to 
Pure Torque. F. V. Filho. J. Aero/Space Sci., 
Mar., 1960, pp. 236, 237. Derivation of expres- 
sions for the collapse torque of two types of two- 
and three-cell boxes. 


Thermodynamics 


Combustion 


Issledovanie Osnovnykh Kharakteristik Gore- 
niia Odnorodnoi Smesi v Otkrytom Turbulentnom 
Potoke. E. A. Petrov and A. V. Talantov. 
MVO SSSR VUZ Izv. Av. Tekh., No. 3, 1959, 
pp. 91-100. 14 refs. In Russian. Application 
of a previously developed method to determine 
experimentally the basic characteristics of com- 
bustion of homogeneous mixtures in an open tur- 
bulent stream. Results of experiments are de- 
scribed in detail along with the equipment and 
methods used. 


Issledovanie Protsessa Sgoraniia Benzino- 
Vozdushnoi Smesi v Usloviiakh Vzaimodeistviia 
Turbulentnykh Sledov, Obrazovannykh Stabiliza- 
torami. V. P. Solntsev and V. A. Golubev 
MVO SSSR VUZ Izv. Av. Tekh., No. 3, 1959, 
pp. 112-118. In Russian. Investigation of the 
combustion process in fuel-air mixtures under 
the conditions of interacting turbulent wakes 
produced by flame stabilizers. Measurements 
were made on isolated stabilizers as well as on 
=" systems, and the results are described in 

etail. 


Turbulentnoe Gorenie v Zamknutom Ob’eme. 
V. P. Karpov, E. S. Semenov, and A. S. Sokolik. 
AN SSSR Dokl., Oct. 21, 1959, pp. 1220-1223. 
In Russian. Description of experiments and 
methods used for studying the turbulent combus- 
tion in a closed volume. 


Heat Transfer 


Heat Flow Between Parallel Plates. E. P. 
Gross and S. Ziering. Phys. Fluids, Nov.-Dec., 
1959, pp. 701-712. USAF-sponsored study 
of the flow of heat between parallel plates of 
slightly different temperatures, the problem being 
described by the linearized Boltzmann equation 
which is subject to microscopic boundary condi- 
tions. 


Metod Plity dlia Eksperimental’nogo Oprede- 
leniia Mestnogo Koeffitsienta Teplootdachi v 
Uzkom Kanale. V. A. Petrikevich. MVO 
SSSR VUZ Izv. Av. Tekh., No. 2, 1959, pp. 113- 
121. In Russian. Development of a method 
for determining the local heat-transfer coef- 
ficients for the case of narrow channels. 


O Vzaimodeistvii Konvektsii i Izlucheniia ¥ 
Pogloshchaiushchei Srede. E. A. Sidorov. A) 
SSSR Otd. Tekh. Nauk Izv. Mekh. i Mashinostr., 
Sept.-Oct., 1959, pp. 134-136. In Russian. 
Further development of previously obtained 
results on the interaction between heat convection 
and radiation in absorbing media. The study 
covers the case of a two-dimensional steady mo- 
tion of an incompressible fluid in the neighborhood 
of a nonisothermic surface. 


VTOL & STOL 


Nomogram Analysis for Ducted Fans with Pre- 
Rotation. M. M. Gibson and J. F. Norbury. 
Aircraft Eng., Jan., 1960, pp. 23, 24. Extension 
of the Scholes method to include flows in which 
swirl velocity is present upstream of the fan 
Given the fan speed and the variations with 
radius of axial and swirl components of velocity, 
the use of the complete chart allows the deter- 
mination of torque, axial thrust, and efficiency. 


Potential of Helicopters and VTOL Aircraft. 
Bartram Kelley. (JAS Natl. Midwestern Meel- 
ing on New Frontiers for Aviation, Wichita, Nov. 
2-4, 1959.) _Aero/Space Engrg., Mar., 1960, 
pp. 61-64. Discussion of the commercial pos- 
sibilities of small utility helicopters, the large 
utility and passenger carrying helicopters, and 
other forms of VTOL now under development. 


A Propulsion System for Reconnaissance Ait- 


craft. J. F. Sutton. IAS 28th Annual Meeting, 
New York, Jan. 25-27, 1960, Paper 60-42. Mem- 
bers, $0.50; nonmembers, $1.00. 12 pp. Discus 


sion of the use of ejectors for the static thrust 
augmentation of a VTOL reconnaissance aircraft 
Test results are included for a configuration cot- 
sisting of two J-44 turbojets with two parallel 
ejectors extended rearward, each being equipped 
with 20 pair of nozzles on the lower side. 


Water-Based Aircraft 


The Influence of Cavitation on Hydrofoil Craft 
Design. M. C. Eames. (CAI Annual Gen. 
Meeting, Ingonish, N.S. June 16, 1959.) Cam 
Aero. J., Jan., 1960, pp. 16-31. 
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(Continued from page 6) 


Acceleration Normal to Flight Path 
G. = Fe sin a — mg cos yi + 
— = 9 (3) 
Vertical Velocity 
G: = he — Vesiny, =0 (4) 
Horizontal Velocity 
G; = — Vacos = 0 (5) 


These equations apply to flight im vacuo, 
and in this case the rocket thrust F,(t), 
like the mass m(t), is a prescribed function 
of time. The acceleration of gravity g 
is taken in reference 1 as the inverse 
square law variation with altitude given 
by 


g = g0(Re/ha)? (6) 


In a proper application of the multiplier 
rule for subsidiary conditions which are 
differential equations, variable multiplier 
functions \j, Ae, As, and 4 are introduced, 
and the integral 


te te 
Fdt = [Va sin y1 + + 
1 1 
+ + AWG,] dt (7) 


is then made stationary with respect to 
the functions Va, yi, fa, 6, and a. A 
necessary condition for a stationary value 
of the integral is that the Euler-Lagrange 
equations 


d ( OF oF 

dt \0(dx;/dt) ox; (8) 
where 7 = 1, ... 5 be satisfied. There 


will be five such equations, corresponding 
to x = Va, X2 = yi, %3 = Ia, Xs = 0, and 
= a. 

These equations, together with Eqs. 
(2) through (5), serve to determine the 
functions x; and the \ multipliers. This 
matter is discussed in a number of texts— 
for example, in those of Courant and 
Hilbert? and Bliss.* Quite a number of 
papers over the years have correctly 
developed the Euler-Lagrange equations 
for optimal flight in the vertical plane; a 
few of these are listed as references (4) 
through (11). 

There is, of course, nothing sacred about 
the form of the equations of motion, (2) 
and (3), and the kinematic relations, (4) 
and (5), employed above. The question 
of elimination of variables is of particular 
interest in a critical appraisal of the 
Dommasch-Barron analysis. 

In the analysis of reference 1, the vari- 
able a is (in essence) eliminated between 
Egs. (2) and (3). Such an elimination is 
legitimate, if awkward. 

Since there is no explicit dependence 
upon the variable 6 in Eqs. (2) through 
(5), the elimination of 6 between Eqs. (3) 
and (5) is permissible. If no restriction 
on the range traversed appears in the 
statement of the boundary conditions, no 
complications will arise from this elimina- 
tion. 

With the two eliminations performed, 
the set of Eqs. (2) through (5) takes the 
following form: 


a= F, cos [= (« cos yi + 


Vani 


Ihe cos = 


mV, — mgsiny, = 0 (9) 


ha — Va sin (10) 


The proper development of the Euler- 
Lagrange equations for the maximum 
problem, as stated with Eqs. (9) and (10) 
as subsidiary conditions, requires the 
introduction of two Lagrange multipliers, 
Ai, As, and the formation of the integral 


te le 
ra = f 
hh 


[Va sin y1 + Aigi + Avge] dt (11) 


Since the integral depends on three 


functions—x, = V(t), x. = y(t), and 
x3 = h,(t)—three Euler-Lagrange equa- 
tions 

d OF oF 

12 

dt Ox; 


where i = 1, 2, 3 must be satisfied along 
a maximum altitude trajectory in addition 
to Eqs. (9) and (10). 

In the treatment of Dommasch and 
Barron, no account is taken of Eq. (10) 
as a subsidiary condition of the extremum 
problem. Only one multiplier variable 
(instead of the required two) is intro- 
duced. No Euler-Lagrange equation cor- 
responding to the function x; = 4h,(t) is 
written. 

The fact that Eq. (10) is later used for 
the numerical determination of trajectories 
is not relevant to the matter of optimi- 
zation technique. 

Because the effect of the integral of the 
altitude h, is ignored in the application of 
calculus of variations to this problem, the 
trajectories generated using the analysis of 
reference 1 are not in any sense optimal. 

Henry J. Kelley, AFIAS 

Sect. Leader, Systems Research 
Grumman Aircraft Engrg. Corp. 
Bethpage, L.I., N.Y. 


References 
1 Dommasch, D. O., and Barron, R. L., 
Optimum Rocket Trajectories. Part I—Initial 


Value Variational Solutions, Aero/Space Engi- 
neering, Jan., 1960. 

2 Courant, R., and Hilbert, D., Methods of 
Mathematical Physics, trans. and rev.; Interscience 
Publishers, New York, 1953. 

3 Bliss, G. A., Lectures on the Calculus of Vari- 
ations; University of Chicago Press, 1946. 

4 Liebhold, E. M., Application of the Calculus 
of Variations to Guided Missile Flight Paths for 
Obtaining Maximum Range, RAND Report 
R-138, Feb., 1949. 

5 Hestenes, M. R., A General Problem in the 
Calculus of Variations with Applications to Paths 
of Least Time, RAND Memo RM-100, March, 
1950. 

6 Garfinkel, B., Minimal Problems in Airplane 
Performance, Quarterly of Applied Mathematics, 
2nd quarter, 1951. 

7 Cicala, P., Le Evoluzioni Ottime di un Aereo, 
Atti della Accademia delle Scienze di Turino, 
Classe di Scienze Matematiche, Fisiche e Naturali, 
Vol. 89, 1954-1955. 

8 Cicala, P., and Miele, A., Brachistocronic 
Maneuvers of a Variable Mass Aircraft in a Verti- 
cal Plane, Journal of the Aeronautical Sciences, 
Aug., 1955. 


®Leitmann, G., Trajectory Programming for 


Aero/Space Engineering + April 1960 


Maximum Range, Journal of Franklin Institute, 
Dec., 1957. 

10 Breakwell, J. V., The Optimization of Tra- 
jectories, Journal of Society of Industrial Applied 
Mathematics, June, 1959. 

11 Kelley, H. J., An Investigation of Optimal 
Zoom Climb Techniques, Journal of the Aero/Space 
Sciences, Dec., 1959. 


Mr. Dommasch Replies 


gw The following refers to Kelley’s Letter 
to the Editor commenting upon our paper 
“Optimum Rocket Trajectories.” 

It is our belief—on reading Kelley’s own 
paper (his reference 11), as well as his 
letter—that he has unduly restrained the 
variational integrand with the result that 
he has obtained a subclass of solutions 
which may be too restrictive. The ex- 
traneous restraints which he utilizes seem 
to be introduced by an improper physical 
analysis of the problem. This can be 
shown as follows: 

The physical problem under discussion 
has but two degrees of freedom, and there- 
fore all parameters are expressible in terms 
of these freedoms, and these freedoms only. 
Thus the equation 


ha = sin v1 


does not introduce a new freedom of the 
system but, on the contrary, constitutes 
a kinematic definition which is the basis 
for solving the problem in the first place. 
Moreover, the integrand to be extremized 
is obtained directly from this kinematic 
relation—i.e., 


2 
= hit = Va sin yidt (1) 


is the same statement as fg = Va sin vy. 
It is evident that our problem is therefore 


constrained to satisfy the relation h, = 

7, sin y; at the outset, and the double 
introduction of this definition can serve 
no purpose. 

Any imposed restraint merely serves 
to limit the class of optimum solutions to 
some subset which uniquely satisfies the 
restraint, and therefore the use of re- 
straints does not ensure a general opti- 
mum solution but, on the contrary, limits 
the solution domain. Thus variational 
techniques (if they are applied to solvable 
problems) will always produce an opti- 
mum answer to the problem designated 
even if the problem is unreal. A very 
simple example serves to illustrate this. 

With the recognition that extrema of 
Eq. (1) contain both maxima and minima 
solutions, and with the further recogni- 
tion that this equation without restraint is 
unbounded in V, but is bounded in , 
we may legitimately ask the question, 
“For a given Va, what y: should be used 
to achieve maximum height in a given 
time?”’? Without using variational tech- 
niques, it is apparent that the answer is 
to set y: = 90°, and the proof that even 
unrestrained integrals provide the proper 
variational answer is obtained by demon- 
strating that this answer is actually ob- 
tained variationally. Since 7: is our only 
freedom ( V_ being fixed), there is only one 
Euler relation: 


d AVasiny1) (Va sin 71) 
dt oy oy 


(Continued on page 113) 
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IAS Section News (Continued from page 28) 


Comet experience which were operating 
at optimum altitudes, it was considered 
that provision for off altitude operation 
of a few thousand feet was adequate 
allowance for the 707 flights. The 
imposition of somewhat higher fuel 
reserves in terms of holding time and de- 
barring of drift up climb paths as com- 
pared to the Comet operation were some of 
the conservatisms introduced, and it was 
considered that the size had been con- 
servatively picked to do the agreed upon 
mission. Needless to say, during the 
period between the ordering of the 707’s 
and their introduction into service, the 
environment changed quite radically. 
The first problem encountered was that 
of the performance regulations under 
which the airplane would have to operate. 
The greater loss in performance of the 
turbojet engine as compared to the piston 
engine was realized, and P&W was re- 
quested to provide a take-off rating for 
the JT38C essentially independent of 
temperature over practical limits. This 
was done with the “C-6” rating up to 
90°F., and it was believed that the tem- 
perature accountability problem had been 
satisfactorily solved where it was most 
important, on take-off, at least as far 
as engine power was concerned. How- 
ever, on the basis of experience with 
turbine-powered aircraft as they began 
to fly in commercial form special regula- 
tions, the SR-422 series became applicable 
for all turbine-powered transports. The 
initial SR-422 applied full temperature 
accountability throughout the flight re- 
gime and substituted gradient-of-climb 
for rate-of-climb requirements; subse- 
quent revisions differed mainly in their 
effect on runway length. With these 
regulations the prediction of take-off 
runway length required on the basis of 
past experience was ruled out, and the 
payload for critical long flights became 
a matter of some concern. While the 
final regulations are considered quite 
suitable for the present airplanes, radi- 
cally different airplanes such as super- 
sonic transports would require quite 
different regulations, and the resolution 
of this problem is considered of major 
significance in the event of planning for 
their introduction. 

The increase in congestion has resulted 
in ground control of air space both on 
the airways and at airports. While 
necessary to handle the traffic, these 
have resulted in increased flight lengths 
on fixed routes and greater off-optimum 
altitude operation. In addition, failure 
of local surveillance radar may make 
necessary considerably longer departure 
paths. 

Anti-noise departure patterns and 
wholesale blocking off of altitudes by the 
military for various tactical maneuvers 
were also not anticipated in early planning. 

The result of all these factors has been 
a decrease of some 20 per cent in the prac- 
tical range of the airplane. They have 
absorbed all the conservatism considered 
in Sizing the airplane, thus reducing its 
efficiency, particularly on longer ranges. 


Capt. Frank A. Nusom, USN, speaker at the 
January 12 Wichita Section meeting. 


In contrast, one factor which turned 
out far in excess of expectations was 
passenger acceptance, although the re- 
sulting near-capacity loads aggravated 
the take-off and anti-noise problems. 

As the problems became apparent, 
concern was felt over the ability to pro- 
vide the service anticipated with the 707. 
Studies were made in an effort to predict 
operating statistics with defined proba- 
bility distributions for various operational 
factors. The conclusion was that 15 
seats would have to be blocked from the 
coach section until operating experience 
justified their presale. In view of the 
reduction in revenue from this action a 
more realistic paper evaluation was 
considered necessary. Resort was made 
to a Monte Carlo approach—programming 
all the variables according to the indexing 
system and selecting by random numbers 
of typical operating situations. Some 
30 situations were developed in this 
fashion, and the predicted flight statistics 
have been shown to be amazingly similar 
to actual flight results. Analysis of the 
discrepancies that do exist has shown 
that both ground and air delays are 
almost entirely responsible. Analysis of 
payload capacity for these situations 
was made and criteria established to 
predict committed loads. On the basis 
of this analysis the 15-seat restriction 
was removed before inauguration of 
service. Service experience has justified 
this method of analysis; its use would be 
of considerable benefit in future evalua- 
tions of operations with a radically 
different aircraft. 

In the economic planning for the air- 
craft the costs per hour were predicted 
quite well, however in the area of block 
speeds and payloads, estimation would 
be improved by the use of methods simi- 
lar to those noted above for committed 
loads. 

In conclusion, Mr. Kolk commented 
that some decisions would have been 
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made differently if present knowledge 
had been available, but the overall 
industry results in introducing the 707 
into service had been remarkable. 

During the question period considerable 
discussion centered around airport ground 
delays at major terminals. Mr. Kolk 
noted that this situation has not improved; 
these delays were estimated on the basis 
of DC-7 experience and due to peaks 
“on the hour’ 707 flight departures were 
scheduled “‘off the hour’”—‘‘over the dead 
bodies of the sales people.’’ Delays were 
and are still higher than estimated with 
Idlewild being the worst. Idlewild’s 
greater delays are due to factors such as 
airport layout, longer take-off checks for 
overseas take-offs, problems relating to 
obtaining ATC clearances in the high 
density routes, and traffic volume. In 
addition jets taking off on the jet take-off 
runway at Idlewild have to turn into the 
instrument approach pattern. With re- 
spect to the effect of safety of anti- 
noise departures, Mr. Kolk stated that 
if safety is adversely affected, take-offs 
are not made, however, requests to make 
unsafe maneuvers such as steep turns on 
breaking ground have been made. Com- 
promises have resulted in longer flight 
paths. 


Haro_p ANDREWS 
Secretary 


Wichita Section 
Naval Research Projects 


‘“‘Naval Research in Aeronautics’? was 
the topic of the evening when Capt. 
Frank A. Nusom, USN, Asst. Chief for 
Research of the Office of Naval Research, 
addressed the January 12 dinner meeting. 

Captain Nusom summarized briefly 
the history of the Office of Naval Re- 
search since its inception at the end of 
World War II and enumerated the fields 
of research in which ONR performs or 
sponsors work. He then discussed at 
some length three examples of specific 
projects within these fields. 

The first was the high-altitude free- 
balloon program for astrophysical re- 
search, in which detection of such things 
as the composition of planetary atmos- 
pheres can be carried out to far greater 
accuracy with balloon-mounted telescopes 
and spectrometers than with ground- 
based instrumentation. The second was 
the contact-analog cockpit display pro- 
gram, which analyzed the information 
requirements for operators of a variety 
of transport vehicles and evolved optimum 
displays of orientation, director, and quan- 
titative information for which machinery 
is now being developed. The third 
example was the ground-effect-machine 
research which is being conducted by some 
eleven universities and manufacturers, 
in an effort to produce, within a year’s 
time, enough experimental and theoreti- 
cal information to allow evaluation of 
air-cushion craft as naval vehicles for 
several applications. 

Captain Nusom’s discussion was illus- 
trated with slides and motion pictures. 


RoBERT K. WATTSON, JR. 
Secretary 
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engineers, scientists...check these careers 


with Honeywell Ordnance 


Honeywell Ordnance in Hopkins (suburb of 
Minneapolis) designs and produces missile 
systems and components. Primary areas of 
interest include missile warhead systems and 
components, fuzing, stabilization systems, 
underwater ordnance, and communications 
equipment. At present, openings exist for the 
following: 


INFRARED, DEVELOPMENT ENGINEER — 
Graduate engineer with 3 to 5 years’ exper- 
ience in electronics; 1 to 3 years’ in infrared 
systems, design, and applied research. Knowl- 
edge of optic system applications desirable. 


AWS, SYSTEMS ANALYST—B.S. or prefer- 
ably M.S. in physics, math, M.E., or E.E. 
Physics and math background with systems 
experience in ASW or underwater ordnance. 
Lab experience in ASW is desirable. 


RF-VHF, DEVELOPMENT ENGINEER—Grad- 
uate engineer with 3 to 5 years’ RF develop- 
ment experience. Design experience in RF 
circuits in VHF range and up. Radar-type 
pulse circuits and antenna design experience 
desirable. 


PROCESS ENGINEER—BSEEF or equivalent 
with up to 4 years’ experience. Collaborate 
with design to insure that specifications, 
standards, and physical characteristics of 
product are consistent with capabilities of 
production and assembly process to produce 
high acceptance rate. 


If you are a qualified engineer interested in one 
of these opportunities with Honeywell Ordnance 
in Minneapolis, write in confidence to Mr. 
R. C. Duncan, Dept. 543, Honeywell Ordnance, 
2753 Fourth Avenue South, Minneapolis 8, 
Minnesota. 


in Duarte, California 


Honeywell Ordnance in Duarte (near Pasa- 
dena) is a design and prototype production 
center for Anti Submarine Warfare: overall 
system analysis, design and development of 
missile systems, components, support equip- 
ment, and trainers. At present, openings exist 
for the following: 


SENIOR COMPUTER ENGINEER—Graduate 
in Electrical Engineering or physics with ex- 
perience in the development of digital circuits, 
switching matrices and conversion problems. 


QUALITY CONTROL AND RELIABILITY EN- 
GINEER— Graduate in Electrical Engineering 
with experience in the electronic industry on 
quality control and/or reliability problems. 


GENERAL ELECTRONICS ENGINEER — Grad- 
uate in Electrical Engineering; good general 
electronics experience with emphasis on cir- 
cuitry development. 


OPTICS ENGINEER— Graduate in Mechanical 
Engineering or Physics with several years’ 
experience in optical systems design. Elec- 
trical background required. 


* * * 


If you are a qualified engineer interested in one 
of these openings, send information on your 
background and accomplishments to Mr. James 
Christensen, Dept. 543, Honeywell, 1724 South 


Mountain, Duarte, California. 


Honeywell 


FIRST IN CONTROLS SINCE 1885 


To explore professional opportunities in other Honeywell operations coast to coast, send your 
application in confidence to H. D. Eckstrom, Honeywell, Minneapolis 8, Minnesota. 


Aero/Space Engineering + April 1960 


Pei 
| 
a 
1% 
A 
f 
a 
110 


in one 
your 
J ames 

South 


HONEYWELL 


d your 


. . . in the field of aeronautical engineering and space technology 


AERODYNAMICS 


Handbook of Supersonic Aerodynamics; Vol. 
5, Section 16, Mechanics of Rarefied Gases. 
Samuel A. Schaaf and Lawrence Talbot. 
Produced and Edited by the Aerodynamic Hand- 
book Staff, Applied Physics Laboratory, The 
Johns Hopkins University, for the Bureau of 
Ordnance, Department of the Navy. (NAVORD 
Report 1488, Vol. 5, Sect. 16.) Washington, 
Supt. of Documents, Feb., 1959. 83 pp., diagrs. 
$1.25. 


This section presents quantitative information 
of interest to the designer working with the prob- 
lems of flight at very high altitudes. The topics 
proper to the mechanics of rarefield gases have 
been consolidated in a single section of the 
Handbook because the dominant phenomena and 
theoretical approaches are different from those 
found in continuum aerodynamics. This par- 
ticular study is restricted in the range of Mach 
numbers; therefore the effects of changing specific 
heat, dissociation, etc., are not considered. For 
cases of slip flow and free molecular flow, lift, 
drag, and heat-transfer data for typical bodies are 
presented in the form of calculations and ex- 
perimental results. Also, the various flow re- 
gimes of rarefied gas dynamics are discussed and 
defined. 

The authors are associated with the University 
of California, Berkeley. 


AERONAUTICS, GENERAL 


Advances in Aeronautical Sciences. Proceed- 
ings of the First International Congress in the 
Aeronautical Sciences, Madrid, September 8- 
13, 1958. Held under the Auspices of the In- 
ternational Council of the Aeronautical Sciences. 
Editorial Committee: Th. von Karman, A. is 
Ballantyne, H. Blenk, R. R. Dexter, H. L. 
Dryden,and M. Roy. London, Paris, New York, 
Pergamon Press, 1959. 2 Vols. 1144 pp., illus., 
diagrs.,tables. £10, $30 the set. 

Contents: Some Significant Developments in 
Aerodynamics Since 1946, Th. von Karman. 
Aerodynamic Design for Supersonic Speeds, R.T. 
Jones. Telecommand and Navigation, W. H. 
Stephens. Propulsion Supersonique par Tur- 
boréacteurs et par Statoréacteurs, M. Roy. 
Newtonian Flow Theory in Hypersonic Aero- 
dynamics, W. D. Hayes. Dynamics of a Dis- 
sociating Gas, M. J. Lighthill. Experimental 
Investigation of Hypervelocity Flight, J. Lukasie- 
wicz. Buckling and Post-Buckling Behavior of 
Thermally Loaded Skin Panels, A. van der Neut. 
Some Contributions to the Heat Conduction and 
Thermal Stresses Analysis in Aircraft and 
Missile Structures, L. Broglio. Représentation 
Systéme Thermoélastique Vibrant sans la 
Direction de la Vibration, R. Mazet. Aero- 
dynamic Derivatives for Oscillating Three- 
Dimensional Wings in Transonic Flow, M. T. 
Landahl. Mass Transfer Cooling, a Means to 
Protect High Speed Aircraft, E. R. G. Eckert. 
Features of Hypersonic Heat Transfer, R. J. 
Monaghan, L. F. Crabtree, and B. A. Woods. 
Echanges de Chaleur dans les Ecoulements 
Presentant des Decollements, J. J. Bernard and 
R. Siestrunck. Warmeiibertragung bei natiir- 
licher Konvektion, insbesondere durch Stoffe in 
der Nahe ihres kritischen Zustandes, E. Schmidt. 
Movimiento Diabatico de un Gas en un Con- 
ducto Giratorio, J. M. de Sendagorta. Prog- 
fess in Jet Engine Noise Reduction, F. B. 
Greatrex and D. M. Brown. Noise Research i 
Canada: Physical and Bio-Acoustic, K. K. 
Neely, B. Etkin, and H. S. Ribner. Noise in 
Air Transport, W. Littlewood. Quelques Etudes 
sur l’Action Produite par les Jets de Réacteurs 
sur les Structures, H. J. L. Le Boiteux and P. A. 
Lienard. Some Considerations of Safety in 
Automatic Flight Control, A. M. A. Majendie. 

uswanderungserscheinungen an schwingenden 
Kreiseln in kardanischer Lagerung, K. Magnus. 
Principles of Inertial Guidance, C. S. Draper, 

Wrigley, and . Woodbury. Einige 
neuere Ergebnisse tiber Grenzchichtbeeinflussung, 
H. Schlichting. Fundamental Design Problems 
of Aircraft with Boundary Layer Control for 
aintaining Laminar Flow, G. V. Lachmann. 

-ontribution Théoretique et Experimentale a 
YEtude du Contréle de la Couche Limite par 
Soufflage, P. Carritre, E. Eichelbrenner, and Ph. 
Poisson-Quinton. The Use of Boundary-Layer 
Control to Establish Free Stream-Line Flows, D. 

urley. Aeroelastic Problems on Aircraft 
Construction, H. G. Kiissner. A Review of Some 
Recent Developments in Hypersonic Flow, A. 


Ferri. Problémes de 1’Aile Annulaire Résolus par 
Analogie Rhéoélectrique, L. Malavard and G. 
Hacques. Einige Ergebnisse aus der Theorie des 
Ringfliigels in inkompressibler Strémung, J. Weis- 
singer. A Contribution to the Solution of Mixed 
Problems of Transonic Aerodynamics, A. A. Dorod- 
nytsin. Research on VTOL and STOL Aircraft in 
the United States, J. P. Campbell. Safety and 
Reliability Aspects of VTOL, D. Keith-Lucas. 
Mécanique de Vol du Propulseur Volant a 
Décollage et Atterrissage Vertical, G. Eggers and 
G. Ernst. Structures and Materials for Finite 
Lifetime, N. J. Hoff. Problems in Heat-Re- 
sisting Materials for High-Speed Flight and 
Propulsion, P. Duwez. Heat Resistant Ma- 
terials: A Survey of Some British Developments, 
D. A. Oliver. Telecontrol and Telemetry for 
Pilotless Aircraft, R. A. Leslie and P. O. Gillard. 
Transmission of Data by Radio from U.S. 
Satellites, J. T. Mengel. Prospects and Limita- 
tions of Human Flight Beyond the Atmosphere, 
J. E. Ward and D. G. Simons. Disorientation in 
Flight, G. M. Jones. Les Limites des Possibil- 
ités Humaines dans les Concepts Actuels du 
Vol et de l’Avion, E. Evrard. Propulsion Meth- 
ods in Astronautics, W. E. Moeckel. The Phys- 
ical Basis of Magnetohydrodynamics, W. B. 
Thompson. A Comparison of Two Approaches 
to an Electric Propulsion System, V. H. Black- 
man. 


Jane’s All the World’s Aircraft, 1959-1960. 
Compiled and Edited by Leonard Bridgman. 
Asst. Compiler, John W. R. Taylor. New 
York, McGraw-Hill Book Co., Inc., 1959. 
573 pp.,illus.,diagrs.,tables. $32.50. 

With this edition Jane’s celebrates its fiftieth 
birthday, and so a certain amount of space has 
been set aside for some things that do not have 
anything to do directly with the current volume. 
In the Preface Leonard Bridgman, editor since 
1940, writes of Fred T. Jane and Charles G. Grey, 
who succeeded Jane as editor in 1916. Oliver 
Stewart, editor of Aeronautics, contributes an 
appreciation of the three editors who created or 
carried on the monumental task of recording all 
of the world’s aircraft through the embryo years 
of aviation and two world wars. A chronology 
of aviation as it was in 1909 (the year in which 
Jane’s first appeared) is appended, and reproduc- 
tions of some pages from the first edition follow 
the main text. 

This year, the aeroplane section exceeds 400 
pages and contains 860 illustrations, of which 499 
are new. The aeroengine section, which now 
contains the former gas turbine and piston 
engine subsections, runs to 97 pages with much 
new and additional information, including 171 
illustrations of which 96 are new. The sections 
devoted to military aircraft markings and the air- 
lines of the world have been dropped. The 
third principal section, on guided missiles, totals 
50 pages and contains 94 illustrations (59 new), 
including photographs of Russian research rocket 
payload containers. Also this year Jane’s 
describes and illustrates a large number of 
American home-built and baby racing airplanes. 
The index section includes references to all the 
aircraft and engines described in the ten pre- 
vious editions of Jane’s, going back to and in- 
cluding the 1949-1950 edition. 

Aircraft and Missiles. D. M. Desoutter. 
London, Hertford and Harlow; New York, 
John De Graff Inc., 1959. 213 pp., illus., 
diagrs.,tables. $7.50. 

A comprehensive guide and reference work for 
the general reader, which covers current theory 
and practice in the fields of aeronautics and 
aerospace technology. It is largely based on the 
author’s earlier work, All About Aircraft. 


DICTIONARIES 


Aerospace Glossary. Woodford Agee Heflin, 
Editor. (Air University Documentary Research 
Study .AU-282-58-RSI.) Maxwell AFB, Ala., 
Research Studies Institute, Air University, 
Sept.,1959. 115 pp. 

This glossary of more than 2,000 terms con- 
tains words and phrases spoken by people engaged 
in aerospace research, development, and opera- 
tions at the Air University, in the missile in- 
dustry, and at AF centers, and also those terms 
found in the current periodical and book literature 
of missiles, astronautics, and related fields. No 
attempt has been made to cover the aerospace 
vocabulary already set forth in the United States 
Air Force Dictionary (1956). The glossary at- 
tempts only to describe and expain usage, not to 
prescribe it. 
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Guide to the Space Age. Compiled and Edited 
by C. W. Besserer and Hazel C. Besserer. Engle- 
wood Cliffs, N.J., Prentice-Hall, Inc., 1959. 
320 pp., diagrs.,tables. $7.95. 

The purpose of this volume is twofold: (1) to 
standardize the specialized language associated 
with missiles and rockets—e.g., propulsion, 
guidance, control, aerodynamics, structures, 
electronics, meteorology, and atmospherics— 
and (2) to present the language in a form easily 
understood by both technical and lay persons. 
It contains more than 5,000 definitions, which are 
alphabetized and cross-referenced, and also 
figures and tables where they serve to clarify 
descriptions or concepts. 

Mr. Besserer is with Space Technology Labora- 
tories, Inc.; Mrs. Besserer has served as a com- 
munications supervisor in the Applied Physics 
Laboratory, The John Hopkins University. 


ELECTRONICS 


Telemetering Systems. Perry A. Borden and 
Wilfrid J. Mayo-Wells. New York, Reinhold 
Publishing Corp., 1959. 349 pp., illus., diagrs., 
tables. $8.50. 

The present work is a successor to Principles 
and Methods of Telemetering, written in 1948 
by P. A. Borden and Thynell. Em- 
phasis is placed chiefly on types and principles 
rather than on commercially available equipment. 
The possibilities of both stationary and mobile 
telemetering are explored, and the similarities 
between the two methods are stressed in order to 
point out their increasing mutual dependencies 
in regard to practices and techniques. Two 
features occurring in the original book have been 
omitted—the list of patents in the general field of 
telemetering and the bibliography. 

P. Borden is a registered professional 
engineer and Associate Professor of Electrical 
Engineering, University of Dayton; W. J. Mayo- 
Wells is a consultant with the National Bureau of 
Standards. 


MANPOWER 


Scientific Manpower, 1958. Papers of the 
7th Conference on Scientific Manpower; Sym- 
posium on Demographic and Sociological As- 
pects of Scientific Manpower. (NSF 59-37). 
a National Science Foundation, 1959. 

Pp. 


MATERIALS 


Internal Stresses and Fatigue in Metals. 
Proceedings of the Symposium on Internal 
Stresses and Fatigue in Metals, Detroit and 
Warren, Mich., Sept. 4, 5, 1958. Edited by 
Gerald M. Rassweiler and William M. Grube. 
Amsterdam and New York, Elsevier Publishing 
Co.; Princeton, N.J., . Van Nostrand Co., 
Inc., 1959. 451 pp., illus., diagrs., tables. $11. 

Contents: Part 1, Concepts and Significance of 
Internal Stresses. Engineering Interest in In- 
ternal Stresses, R. F. Thomson. Scientific In- 
terest in Internal Stresses, C. S. Barrett. Scope 
and Limitations of the Continuum Approach, 
J. D. Eshelby. Causes and Effects of Internal 
Stresses, E. Orowan. 

Part 2, Crystal Lattices, Imperfections, and 
Stresses. Determination by X-Rays of Internal 
Strains in Metals and Alloys, A. Guinier. X- 
Ray Measurement of Residual Stresses in Hard- 
ened Steel, R. E. Marburger and D. P. Koistinen. 
Internal Stresses Induced by Phase Transforma- 
tions, D. P. Koistinen and R. E. Marburger. 
Origins of Electron Interference Effects in Thin 
Crystals, H.M. Bendler. Observations of Disloca- 
tions in Metals, P. B. Hirsch. Dislocations and 
Deformation Phenomena in Iron Whiskers, R. V. 
Coleman. Dislocation Patterns in Deformed Al- 
pha-Brass, A Contributed Discussion by H. G. F. 
Wilsdorf. Internal Strains, A Contributed Dis- 
cussion by J. Nutting. Internal Stresses and 
Ultrasonic Measurements, A Contributed Dis- 
cussion by Rohn Truell. The Study of Metal 
Surfaces by the Field Ion Microscope, A Con- 
tributed Discussion by Erwin W. Miller, Walter 
T. Pimbley, and Joseph F. Mulson. 

‘art 3, Dislocations, Internal Stresses, and 
Fatigue. Interactions and Internal Strains, 
J. Friedel. Nucleation and Growth of Fatigue 
Cracks, Earl R. Parker and Desmond M. 
Fegredo. Residual Stress, Strain Hardening and 
Fatigue, T. J. Dolan. Surface Condition and 
Fatigue Strength, Max R. Hempel. Effect of 
Residual Stresses Induced by Strain Peening upon 
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Authoritative books for engineers 


NONDESTRUCTIVE 
TESTING 
HANDBOOK 


This new pioneering Handbook covers 
all the means of testing the essential 
properties and performance capabilities 
of materials, parts, components, and 
structures without impairing service- 
ability. 


Explains and illustrates applications, advan- 
tages, limitations of 24 different test methods 
applicable in every branch of engineering and 
industry. Specifications, equipment costs, hun- 
dreds of pages of test interpretation data. 
Prepared under the auspices of the Society for 
Nondestructive Testing. 1,100 illustrations, 
graphs, tables; 1,910 pp. 106 Contributing, 
Consulting Editors. Robert C. McMaster, Ed. 
October, 1959. 2 volumes, $24 


PRODUCTION 
HANDBOOK 


Packed with practical production know- 
how, this Handbook is the complete 


key to management-engineering 
methods that are revolutionizing industrial 
production today. Fully covers new materials, 
machines, processes, and proper functioning 
of company organization. 


Supplies proved principles, time- and work- 
saving systems, and successful operating pro- 
cedures for maximum productivity at mini- 
mum cost. Saves hours of research and costly 
experimentation. 726 illustrations, tables; 
1,726 pp. 48 Contributing, Consulting Editors. 
Gordon B. Carson, Ed. 2nd Ed., 1958. $16 


MATERIALS 
HANDLING 
HANDBOOK 


The complete guide to modern mate- 
rials handling. This unique Handbook 
explains the governing principles, 
today’s most efficient methods and systems, 
and recommended equipment for moving 
material at least cost — whether in raw, in- 
process, or finished form. 


Useful in all industrial situations, Handbook 
answers every basic question of work flow 
within and outside the plant. Sponsored by 
The American Society of Mechanical Engi- 
neers and the American Material Handling 
Society. 991 illustrations, tables; 1,740 pp. 
84 Contributing, Consulting Editors. Harold 
A. Bolz, Ed.; George E. Hagemann, Assoc. 
Ed. 1958. $20 
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enclosed Send C.O.D. 
ll firm Charge my account 
Firm 
Ordered by a 
ASE 3 
Address 
City Zone___State 


THE RONALD PRESS COMPANY 
New York 10 


15 East 26th St., 


112 Aero/Space Engineering - 


Fatigue Strength, R. L. Mattson and J. G. 
Roberts. 

Part 4, Fatigue and Related Pheonmena. Cyclic 
Straining and Fatigue, L. F. Coffin, Jr. The 
Effect of Environment on Metal Fatigue, N. J. 
Wadsworth. Effect of Stress on Unusual 
Crystal Habits of Corrosion Products on Iron, 
Nickel, Chromium, and Stainless Steels, E. A. 
Gulbransen and T. P. Copan. Time-Dependent 
Effects of Hydrogen in Steel, R. C. Frank. 
Summary of Conference, A. M. Freudenthal. 
The Crystallization of Metals and Metallurgists 
under Fatigue, with Some Remarks on the Energy 
of Engineers and the Purity of Physicists, Cyril 
Stanley Smith. Author Index. Subject Index. 


Structure and Properties of Thin Films. Pro- 
ceedings of an International Conference Held 


at Bolton Landing, N.Y., Sept. 9-11, 1959. 
Sponsored by AFOSR, ARDC, and General 
Electric Research Laboratory, Schenectady, 


N.Y. Edited by C. A. Neugebauer, J. 
Newkirk, and D. A. Vermilyea. New York, 
John Wiley & Sons, Inc., 1959. 561 pp., illus., 
diagrs.,tables. $15. 

The 42 papers and discussion presented in this 
volume reflect the increasing amount of effort 
expended on fundamental studies of matter in 
the form of thin films. Examples of investiga- 
tion of the bulk properties of matter include 
studies of phase transformations, chemical re- 
activities, superconductivity, electrical resistance, 
Hall effect, magnetic properties, and magnetore- 
sistance. The physical states of films that have 
properties not exhibited by the same material in 
bulk form are also discussed. Also included are 
papers concerned with the problems of growth and 
characterization of thin films—for example, 
direct observation of defects, structure studies 
including low energy electron diffraction, measure- 
ments of specific surface area, and observations of 
the state of stress in films. Another group deals 
with surface chemistry. The volume closes with 
a few theoretical papers on epitaxial relationships, 
the manner in which stresses are introduced, 
the interactions of atoms at surfaces, and a panel 
discussion on the theory of surfaces. 

The editors are all with the Metallurgy and 
Ceramics Department Research Laboratory, 
General Electric Company. 


Analysis of Deformation; Vol. 4, Waves and 
Vibrations. Keith Swainger. New York, The 
— Co., 1959. 370 pp., diagrs., tables. 

15. 


Volume 1 of this series formulated the mathe- 
matically linear theory for analyzing deformation 
and drew general inferences without solving the 
equations and boundary conditions for particular 
cases. In this volume the theory is applied, and 
the available experimental evidence is examined 
for the propagation of stress through, and on the 
surface of, substances possessing various physical 
properties such as elasticity, plasticity, and 
fluidity, and combinations of these effects. 
Chapter 10 presents a unified mechanistic theory 
of the cause of earthquake waves, volcanoes, the 
crustal features of the earth, the formation of 
lunar craters, and solar disturbances. 

Dr. Swainger was recently with Imperial 
Chemical Industries and is now a Research 
Fellow in the University of London. 


Tantalum and Niobium. G. L. Miller. Metal- 
lurgy of the Rarer Metals, Vol. 6. ondon, 
Butterworths Scientific Publications; New 


York, Academic Press, Inc., 
diagrs.,tables. $21. 

The chemical processing of the metals is 
described from the decomposition of the ores to 
separation and purification; from the Marignac 
process to modern liquid-liquid techniques. 
While the main part of the text deals with the pure 
metals, the production of their alloys and the more 
important compounds is also explained. The 
applications of the metals, alloys, and compounds 
are catalogued in detail, and include tantalum for 
electrolytic capacitors, tantalum carbide for hard 
metals, and niobium for nuclear and high-tem- 
perature application. There is alsoalong chapter 
devoted to theoretical and other considerations 
of binary alloy systems. 

The author is with the Research Laboratories 
of Murex Limited. 


1959. 767 pp., illus. 


MATHEMATICS 


Advanced Engineering Mathematics. 
Lala Jr. 2nd Ed. 

Book Co., Inc., 1960. 
$9.00. 

The present edition, although the material 
has been completely rewritten and brought up to 
date, retains the objective of the 1951 issue: 
to provide an introduction to those branches of 
mathematics with which the average analytical 
engineer or physicist must be reasonably familiar. 
There are two entirely new chapters on deter- 
minants and matrices and on finite differences. 
A lengthy appendix devoted to review material 
and a chapter on fluid mechanics, both of which 
appeared in the first edition, have been eliminated. 

The author is Professor and Chairman, Depart- 
ment of Mathematics, University of Utah. 


New York, McGraw-Hill 
696 pp., ‘diagrs., tables. 


NUCLEAR ENERGY 


Nuclear Radiation Engineering; An Introduc- 
tion. . Hutchinson. New York, The 
Ronald Press Co., 1960. 155 pp., diagrs., tables. 
$6.00. 


April 1960 


» Two new volumes | 
| — in the essential 
Princeton Series 


| HIGH SPEED AERODYNAMICS 3 
JET PROPULSION 


Volume V. 


AND HEAT 


TRANSFER 
Edited by C.C. LIN 


* ‘Topics include transition from 4 
laminar to turbulent flow; tur- ; 

bulent flow, statistical theories 

of turbulence; conduction of 4 
heat; convective heat transfer % 
and friction in flow of liquids; 4% 
convective heat transfer in 
gases; cooling by protective 
fluid films; physical basis of 
thermal radiation; andengi- ; 
neering calculations of radiant i 
heat exchange. 220 line draw- 4 
ings. 560 pages. $15.00 


Volume XI. 
DESIGN AND 
PERFORMANCE 
OF GAS TURBINE 


POWER PLANTS 
Edited by 

W, R. HAWTHORNE 
and W. T. OLSON 


Combustion chamber design: 
requirements and processes; ex- 
perimental techniques; fuel in- 
jection; flame stabilization; 3 
mixing processes; fuels for air- 
craft gas turbine engines; com- 
bustion chamber development. 
Mechanical and metallurgical * 
aspects: mechanics of materials 4 
for gas turbine applications; 4% 
aerodynamics of blade vibra- 
tions in axial turbomachines. 
Turbine power plants: per- 
: formance and control. 294 line 
S drawings. 578 pages. $15.00 


Send for complete information 
on the other titles 
now available in this series. 


Princeton 
University Press 
Princeton, New Jersey 
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This book is intended for persons—administra- 
tors or engineers who are themselves specialists 
in other fields—who must learn the fundamentals 
of atomic structure, the source of nuclear energy, 
and the principles of radioactivity. The author, 
Professor of Mechanical Engineering, University 
of California, Berkeley, has based the book on 
material prepared for a series of lectures for ex- 
ecutives, supervisors, and engineers of the Boeing 
Airplane Company, Seattle. 


POWER PLANTS 


Design and Performance of Gas Turbine Power 
Plants. Editors, W. R. Hawthorne and W. T. 
Olson. (High Speed Aerodynamics and Jet 
Propulsion, Vol. 11.) Princeton, N.J., Princeton 
University Press, 1960. 563 pp. illus., diagrs., 
tables. $15. 

Contents: General Considerations, W. R. 
Hawthorne. Requirements and Processes, P. 
Lloyd. Experimental Techniques, H. C. Hottel 
and G. C. Williams. Fuel Injection, A. Radcliffe. 
Flame Stabilization, J. H. Childs. Mixing Proc- 
esses, C. C. Graves and W. E. Scull. Fuels for 
Aircraft Gas Turbine Engines, L. C. Gibbons. 
Combustion Chamber Development, W. T. Olson. 
Mechanics of Materials for Gas Turbine Ap- 
plications, E. Orowan and C. . Soderberg. 
Flutter Problems in Gas Turbines, J. R. Schnitt- 
ger. Performance, D. H. Mallinson and S. J. 
Moyes. Index. 


Rocket Propulsion. Marcel Barrére, André 
Jaumotte, Baudouin Fraeijs de Veubeke, and 
Jean Vandenkerckhove. Amsterdam and New 
York, Elsevier Publishing Co; Princeton, N.J., 
D. Van Nostrand Co., Inc., 1960. 829 pp., 
illus., diagrs.,tables. $27. 

This book is a completely revised and enlarged 
English edition of La Propulsion par Fusées, 
which was published in French, simultaneously 
in France and Belgium, in 1957. It deals with 
the fundamental problems of rocket propulsion 
rather than with detailed descriptions of missile 
or rocket construction. The text, though, 
touches on many fundamental questions of missile 
design which have an influence on the design of 
the rocket proper—for example, the problem of 
guidance of ballistic missiles. 

The authors are, in the order given above, 
Head, Research Division, National Office for 
Aeronautical Studies and Researches (ONERA), 
Paris; Professor at the University of Brussels; 
Professor at the Universities of Liége and Lou- 
vain; and Lecturer at the Institute of Aero- 
nautics, University of Brussels. 

Contents: List of Symbols. 1, Rocket Propul- 
sion Elements. 2, Nozzle Theory and Character- 
istic Parameters. 3, Aerothermochemistry of the 
Combustion Products. 4, Solid Propellants. 
5, Internal Ballistics of Solid-Propellant Rockets. 
6, Design of Solid-Propellant Rockets. 7, Liquid- 
Propellant Rockets. 8, Experimental Techniques 
for Rocket Propulsion. 9, Liquid Propellants. 
10, Combustion Instability in Liquid-Propellant 
Rocket Motors. 11, Elementary Problems of 
Overall Rocket Performance. 12, Variational 
Methods in Optimizing Rocket Performance. 


Letters (Continued from page 108) 


Author Index. Subject Index. Unit Conversion 
Tables. 


SCIENCE 


Federal Funds for Science; 8, The Federal 
Research and Development Budget, Fiscal 
Years, 1958, 1959, and 1960. National Science 
Foundation. (NSF 59-40.) Washington, Supt. 
of Documents, 1959. 74 pp. $0.45 


SPACE TRAVEL 


Soviet Space Science. Ari Shternfeld. 2nd 
Rev. and Extended Ed. Translated by the Tech- 
nical Documents Liaison Office, Wright Patter- 
son AFB, Ohio. New York, Basic Books, Inc., 
1959. 361 pp.,illus., diagrs., tables. $6.00. 

This book was first published in Moscow in 
1958 under the title of Iskustvennye Sputniki 
(Artificial Satellites). The author, who has 
written on astronautics for several decades, has 
included an account of the launching of Sputniks 
I and II. Willy Ley has provided an epilogue 
briefly describing Sputnik III and Mechta. 
The treatment is descriptive and popular rather 
than mathematical. 

Contents: 1, The Laws of Motion of Artificial 
Satellites. 2, Motion of the Satellite Relative 
to the Observer on Earth. 3, The Rocket Starter 
of the Artificial Satellite. 4, Launching of an 
Artificial Satellite. 5, Construction of Artificial 
Satellites. 6, Man in Cosmic Space. 7, On 
Board an Artificial Satellite. 8, Observation of 
Artificial Satellites and Their Communication 
with the Ground. 9, The Descent to Earth. 
10, Artificial Satellites of Bodies of the Solar 
System. 11, The Utilization of Artificial Satel- 
sara Appendix. Epilogue. Conversion Tables. 
ndex. 


Space Flight; Vol. 1, Environment and 
Celestial Mechanics. Krafft Ehricke. Princeton, 
N.J., . Van Nostrand Co., 1960. 513 pp., 
illus., diagrs.,tables. $14.50. 

This is the first of three projected volumes de- 
voted to space flight by the Program Director, 
Centaur-Vega Project of Convair (Astronautics), 
for inclusion in the series entitled Principles of 
gana Missile Design, edited by Grayson Mer- 
rill. 

The first part of Volume 1 discusses the concept 
of space flight and the environment in which space 
flight will take place, to the extent that we know 
it at this time. Missiles are shown to be of tre- 
mendous importance to this concept, particularly 
as tools for exploration beyond the initial phases 
of space travel. The earth with its large moon is 
considered to be an ideal training field for man’s 
space capability since, in the earth-moon system, 
practically all important conditions to be en- 
countered in later interplanetary operations can 
be simulated. The utility aspects of space flight 
are thoroughly discussed, and, for a more com- 
plete understanding of the environment in which 
space flight will take place, the author delves 
into our solar system from the viewpoint of the 
astronautical engineer, with emphasis on useful 
tables of consistent data. 


+ 


Part 2 is devoted exclusively to celestial mechan- 
ics, once again from the viewpoint of the astro- 
nautical scientist rather than the astronomer. 
Therefore, emphasis is placed on those aspects 
which are of particular or potential importance 
in the orbital dynamics of space vehicles. The 
subject is divided accordingly. The three chap- 
ters of the second part deal consecutively with the 
central force field, orbit determination, and per- 
turbation analysis—the three areas that form the 
foundation of space flight mechanical performance 
analysis, tracking or on-board position deter- 
mination, and precision navigation. 

Space Flight is written for the serious student of 
astronautics with the aim of assisting the reader 
in research and development work, preliminary 
design, and systems analysis. To this end, a 
number of problems which can be solved by 
hand calculation (as opposed to computer cal- 
culation) and short-cut methods are listed at the 
end of each chapter on celestial mechanics. 


Advances in Space Science, Vol. 1. Edited by 
Frederick I. Ordway, III. New York, Academic 
Press, 1959. 412 pp.,illus., diagrs.,tables. $12. 

Contents: Interplanetary Rocket Trajectories, 
D. F. Lawden. Interplanetary Communications, 
J. R. Pierce and C. C. Cutler. Power Supplies 
for Orbital and Space Vehicles, J. H. Huth. 
Manned Space Cabin Systems, E. B 
Konecci. Radiation and Man in Space, H. J 
Schaefer. Nutrition in Space Flight, R. 
Tischer. Appendix: A Decimal Classification 
System for Astronautics, H. H. Koelle. 


STRUCTURES 


The Theory of Thin Shells. V. V. Novozhilov. 
Translated by P. G. Lowe. Edited by J. R. M, 
Radok. Groningen, The Netherlands, P 
— Ltd., 1959. 376 pp., diagrs., tables 

9.50. 


This is a translation of Teorita Tonkikh Obolo- 
chek, Moscow, 1951. It is divided into four 
chapters, the first of which is devoted to the 
general (moment) theory of thin shells; the 
second, to the membrane (momentless) theory; 
and the third and fourth, to the moment theory 
of two types of shells which are important in 
industrial applications—cylindrical shells and 
shells of revolution. The problem, as treated in 
the book, is a linear one—i.e., displacements are 
assumed to be small in comparison with the 
‘thickness of the shell and the strains are not to 
exceed the limit of proportionality. 


UPPER ATMOSPHERE RESEARCH 
The Use of High-Altitude Rockets for Scientific 


Investigations; An Annotated Bibliography. 
Compiled by Mildred Benton. (Bibliography 
No. 16.) Washington, Library Branch, Tech- 


nical Information Division, U.S. Naval Research 
Laboratory, Oct., 1959. 123 pp. 

The period covered is 1946 to June, 1959. 
Both domestic and foreign periodical articles and 
reports are included. The 965 references are 
listed by author or issuing agency in the grouping 
for each year. There are author and subject 
indexes. 


and applying this, we have 
Va cos 71 = O 


Since V, is nonzero, this relation calls 
for 7, = 90°, which is the correct optimum 
solution. It is thus seen that Kelley’s 
concluding remark is quite incorrect, and 
that, therefore, the thesis which he pre- 
sents is also incorrect. 

To make this point even clearer, we 
may write that at any time 


& = g0( Re/ha)? 


= mVez 


he = ha + Re 


so that if each of these conditions were 
proper restraints, we would have to intro- 
duce them to the integrand in the form 


Re/ha)?] + [Fe — mVer] + 
[he Na + R.] 


We think that such an introduction con- 
stitutes a reductio ad absurdum of the ex- 
traneous multiplier concept since we can 
think of no limit to the various definitions 
which might be introduced into any vari- 


ational integrand were we actually free 
to do this ad nauseum. The fact is that 
we are not at liberty to do this any more 
than we are at liberty to postulate degrees 
of freedom which do not exist. 

We therefore state that those restraints 
required to ensure physically real solutions 
(and only those restraints) are permissible 
in variational problems. Moreover, the 
use of extraneous restraints can have no 
effect other than to restrict the optimum 
solution domain. 


Daniel O. Dommasch, AFIAS 
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PERSONNEL OPPORTUNITIES 


alysts 


DEVELOPMENT 


..... there are opportunities at 


for preliminary st 


Senior and supervisory positions are available for chem- H A ean gee! 
ists, physical chemists, physicists, mathematicians; mechan- wad 
ical, aeronautical and chemical engineers in an analytical or scientist who 18 interested in 
group established to explore fuel chemistry and thermo- participating in this growing 
dynamics, engine cycle analysis and preliminary design, field of technology. While spe- 
and preliminary design and performance of complete flight 
systems. Preferred background and experience would be in: is desirable, you may eles he 

@ AERODYNAMIC HEATING qualified by your background 
@ STRUCTURAL DESIGN . 

@ COMPUTER PROGRAMMING and/or related experience for 
@ PROPULSION AERO-THERMODYNAMICS activities in the inertial systems 

Located in suburban Richmond, the company offers development at this time. Spe- 
completely modern facilities, attractive working conditions cific openings include: 
and opportunity for individual responsibility. Living is 
pleasant in Richmond and the company maintains com- SYSTEMS ANALYST 
petitive salaries with liberal benefit programs. 


cific inertial systems experience 


Mathematician or engineer with 
strong background in vector analy- 
SEND RESUMES TO PERSONNEL MANAGER : sis, operational calculus, matrix al- 

gebra and related techniques. To 


EXPERIMENT INCORPORATED : carry out analysis of inertial sys- 


A SUBSIDIARY OF TEXACO INC. tems configurations including error 
RICHMOND 2, VIRGINIA evaluation. 


DIGITAL SYSTEMS AND 
LOGIC DESIGNER 


Familiar with digital logic tech- 
niques at current state of the art; 


Engineers and Physicists capable of organizing computing 


systems to perform various tasks in- 


Your talent and time are worth more to you— |} 


parameter specification. 


and to your family—in Minneapolis ELECTRONIC ENGINEER 


Electrical engineering degree plus 
experience in miniaturized semi- 
conductor electronics development. 
To design servo, pickoff, and other 
electronics for use with gyros and 
accelerometers. 


Talent and time are man’s most precious Time in the laboratory. Time with your 
tools—but, unfortunately, they are also family. Ninety percent of our people live 
his impediments. within 25 minutes from work. A short 


If you suspect that you could put your drive takes them to some of the best 
talent and time to more productive and hunting, fishing and camping sites any- 
rewarding work, investigate opportunities where. Some of them live right next to ENGINEERING PHYSICIST 
at General Mills, in Minneapolis. We a park, lake or golf course. 
respect creative freedom, encourage in- 
novation, recognize and appreciate pro- 
fessional competence. In short, we pro- 
vide the environment that brings out the 
finest talents in engineers and scientists. Make the most of your talent and time ‘ ; 
And then we give these creative people in one of these fields—at General Mills To discuss these and other openings 
rein to ply their talents against intriguing which may exist, write or phone 
problems in fields that interest them most. Digital Configuration R. O. Mane; Chik 
Time? Systems Group, Dept. 548. 

e@ Micro-wave Development 
e Digital Computer Logic 


Mail Coupon for more facts, in confidence @ Electronic Packaging Honeywell 
Mr. G. P. Lambert 


e Advanced Pulse and Video Circuit Development 
Manager Professional Employment 


Mechanical Division General Mills e Advanced Inertial Navigational System Development AERONAUTICAL DIVISION 
Giaerepele oo Dept. AS4 © Optical and Infra-Red Equipment Engineering 2600 Ridgway Road, 


ti. M 
polis 14, Minnesot: 


Physicist with practical and theo- 
At General Mills, in Minneapolis, you retical understanding of mechanics, 
have time to know your family, yourself magnetism and electricity to analyze 


and your contribution to the future. and develop inertial sensors of novel 
and original design. 


To explore professional opportunities in 

M EC HANI CA L to coast, 

send your application in confidence to 

DIVISION H. K. Eckstrom, Honeywell, Minneapolis 
8, Minnesota. 
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